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ABSTRACT 
Sawfishes (Pristidae) are considered endangered species worldwide, but their 
conservation and management have been undermined due to poor understanding of the 
group’s natural taxonomy. The main purpose of this work was to review the taxonomy of 
sawfishes based on historical taxonomic literature supplemented with empirical observations 
on morphology, genetics, and geographic distribution. A molecular phylogenetics study 
based on both mitochondrial and nuclear genes was carried out to estimate the evolutionary 
interrelationships among the different species of sawfishes. Seven distinct living species are 
recognized based on external morphology and DNA sequence comparisons. Four are 
distributed in the Indo-West Pacific, two in the Atlantic, and one in the East Pacific. The 
phylogeny obtained suggests Anoxypristis cuspidata (Latham 1794) is sister to monophyletic 
Pristis. The later is further divided into two clades: (1) P. clavata Garman 1906 basal to sister 
species P. zijsron Bleeker 1851 and P. pectinata Latham 1794, and (2) P. zephyreus Jordan & 
Starks 1895 basal to sister species P. microdon Latham 1794 and P. perotteti Müller & Henle 
1841. Population structure within species was investigated based on mitochondrial DNA 
sequence data. Results indicate that Western and Eastern Atlantic populations of P. pectinata 
and P. perotteti should be viewed as separate units for conservation purposes. The pattern for 
the Indo-West Pacific was less clear. It is not possible to invoke a mechanism of isolation 
that applies to all species. Nevertheless, a sub-division of sawfish populations into Indian and 
West Pacific conservation units is consistent with both the patterns of nucleotide variation 
and variation in rostral tooth count. 
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Pristis pristis (Linneaus 1758) cannot be assigned to a single species. The nominal 
species P. pristis has historically been associated with features from several different species 
and as such is a chimaeric taxon that does not exist in nature. This has caused confusion in 
the past and in the present time. Herein, I propose the name P. pristis be suppressed. 
1CHAPTER 1. GENERAL INTRODUCTION
The modern sawfishes first appear as fossils during the Eocene, 56 million years ago.
They are characterized by a distinctive long snout with rostral teeth on the border. All
sawfishes are classified in the family Pristidae of the order Pristiformes. Sawfishes can attain
gigantic sizes: up to at least 6 m in total length. They are distributed in tropical and sub-
tropical seas. They frequent bays and estuaries, and can penetrate great distances into rivers,
far from tidal influences. Sawfish populations have declined globally due to overfishing and
habitat destruction. Currently, all sawfish species are listed on the World Conservation
Union’s (International Union for the Conservation of Nature) Red List of Threatened Species
as Critically Endangered.
Sawfish taxonomy is among the most confused of all of the chondrichthyans.
Currently seven nominal species are recognized: the knifetooth sawfish A. cuspidata, the
smalltooth group, including: P. pectinata, P. zijsron, P. clavata, and the largetooth group: P.
perotteti, P. microdon and P. pristis. However, this number may vary between four and ten.
Sawfishes are morphologically conserved, which makes identification of species within each
group very difficult. Most species lack type material and most of material available for
comparison in collections is composed of isolated rostra.
In terms of nomenclature, the more stable taxa are P. clavata and P. zijsron. As for P.
pectinata, this has been considered a circumglobal species, but some workers have suggested
that P. pectinata may comprise multiple species. A. cuspidata taxonomic status is uncertain
since different morphotypes, perhaps due to sexual dimorphism, have been seen. Perhaps the
major problem in sawfish taxonomy concerns the largetooth group. This group is the most
2conserved in terms of morphology. The historical taxonomy behind the origin of most
available nominal species is also confusing. All these factors combined have resulted in
disagreement of use of names and species distribution range that makes very little or no sense
from a biogeographical standpoint.
Dissertation organization
The main purpose of this dissertation is to review the taxonomy of sawfishes based on
critical evaluation of their historical taxonomic literature supplemented with empirical
observations on morphology, genetics, and geographic distribution (Chapter 2). (This chapter
is co-authored with Anthropologist and independent researcher Matthew McDavitt.) Once
the taxonomy was resolved a molecular phylogenetics study based on both mitochondrial and
nuclear genes was carried out to estimate the evolutionary interrelationships among the
different species of sawfishes (Chapter 3). Relationships within cohesive species were
subsequently investigated for their level of structuring within each major ocean basin
(species distribution range). This was based on small fragments of mitochondrial DNA and
rostral tooth counts obtained from museum specimens (Chapter 4).
A summary of findings of the three preceding chapters is provided in the general
conclusions chapter (Chapter 5). This chapter also outlines some general conclusions about
the importance of taxonomy as a vital pre-requisite to any study of a given taxa. In addition,
this chapter outlines some potential areas of future research that would further our
understanding of the sawfishes.
 3
CHAPTER 2. TAXONOMIC REVIEW OF THE SAWFISHES 
(CHONDRICHTHYES, PRISTIDAE) 
 
A paper to be submitted to the Zoological Journal of the Linnean Society 
 
Vicente Faria and Matthew McDavitt 
 
Abstract 
Sawfishes (Pristidae) are considered endangered or critically endangered species worldwide, 
but conservation and management measures have been undermined due to poor 
understanding of the group’s taxonomy. In the present study seven living species were 
identified in the family Pristidae. Pristis pristis (Linneaus, 1758) cannot be assigned to a 
single species. Pristis pristis has historically been associated with features from several 
different species and as such is a chimaeric taxon that does not exist in nature. The 
commonly asserted association between this nominal species and the largetooth sawfishes is 
the product of taxonomic misinterpretation. Sawfish species are assigned to Pristis clavata 
Garman 1906, Pristis pectinata Latham 1794, Pristis zijsron Bleeker 1851, Pristis microdon 
Latham 1794, Pristis perotteti Müller & Henle 1841, Pristis zephyreus Jordan & Starks 1895, 
and Anoxypristis cuspidata (Latham 1794). A thorough chronological revision of sawfish 
historical taxonomy is provided, as is an identification key to the sawfish species. For each 
species a list of synonyms, diagnostic characters, description, geographical distribution, 
nomenclatural discussion, and etymology is provided. Of the seven species, four are 
distributed in the Indo-West Pacific, two in the Atlantic, and one in the East Pacific. 
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Introduction 
Fossils of modern sawfishes first appear during the Eocene, 56 million years ago. 
They are characterized by a distinctive expanded rostrum with rostral teeth on the border. All 
sawfish are classified in the family Pristidae within the order Pristiformes. Sawfishes can 
attain sizes up to at least 6m in total length and are primarily distributed in tropical seas, but 
occasionally occur in the sub-tropics. Sawfishes frequent bays and estuaries and can 
penetrate great distances into rivers, far from tidal influences. Sawfishes are one of few 
chondrichthyans regularly found in freshwater. In fact, some sawfish species are 
predominately found in freshwater and may be able to complete their entire life cycle in 
rivers and lakes (Bigelow & Schroeder, 1953). Nevertheless, adult individuals of some 
species occur to the edge of the continental shelf (Simpfendorfer, pers. com.). Reproduction, 
development, maturity and maximum age of sawfish are poorly known (Thorson, 1982, 
Peverell, 2005). 
Sawfishes are morphologically conserved. Their taxonomy has been among the most 
confused of all of chondrichthyans (Ishihara et al., 1990, Zorzi, 1995). The latest published 
work attempting to review the family was Garman’s (1913) review of Chondrichthyes of the 
world. Garman recognized six sawfish species. However, the number of species may in fact 
vary between four and ten. One reason for this taxonomic disarray is that many of the 
original species descriptions were extremely abbreviated, in some cases based only on 
isolated anatomical parts or characters that were not diagnostic at the species level. A second 
problem is the lack of reference material available for comparison in museum collections. 
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Only two of the five1 type specimens for Garman’s valid nominal species are available for 
examination today, since three have been destroyed. Most museum material consists of dried 
rostra or young specimens that are easier to transport and store. Finally, the scarcity of these 
animals in their natural habitat makes it difficult to obtain fresh material. Sawfish abundance 
has fallen dramatically in the past century due to overfishing and habitat degradation 
(Compagno & Cook 1995, Simpfendorfer, 2000). 
The six sawfishes defined by Garman (1913) can be informally classified into three 
morphological groups based on rostrum characteristics: largetooth, smalltooth, and 
knifetooth sawfish (Table I). The knifetooth sawfish include a single species Anoxypristis 
cuspidata (Latham, 1794). The taxonomic status of this species has not formally been put in 
question. The smalltooth sawfishes are composed of Pristis pectinata Latham, 1794, P. 
zijsron Bleeker, 1853b, P. clavata Garman, 1906. Among the taxonomic questions for this 
group is the status of the nominal species P. clavata, which was considered a junior synonym 
to P. pectinata by Kailola (1987) (but not by Ishihara et al., 1990). Also in question is the 
geographical range of two species. P. pectinata, is considered circumtropical, but its 
occurrence in the Indo-west Pacific is questionable (Last & Stevens, 1994, Compagno & 
Cook, 1995). P. clavata is considered to be restricted to northern Australian waters but is 
possibly more widely distributed in the Indo-West Pacific (Last & Stevens, 1994, Compagno 
& Cook, 1995). 
Perhaps the major questions about sawfish taxonomy concern the largetooth 
sawfishes. Garman (1913) recognized two largetooth species: P. pristis (Linneaus, 1758) and 
P. microdon Latham 1794. These two species can be distinguished by caudal fin shape and 
                                                          
1 Pristis pristis (Linneaus, 1758) description did not include a type specimen. 
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the relative position of origin of first dorsal and pelvic fins (Table I). In contrast, Dingerkus 
(1983) proposed that all largetooth compose a single taxon, P. pristis (having P. microdon as 
a junior synonym). Dingerkus (1983) agreed with Garman’s (1913) statement that Linnaeus’ 
(1758) Squalus pristis (= P. pristis) was based on a poor drawing of a sawfish published by 
Clusius (1605), but disagreed on the interpretation of morphological features of the depicted 
specimen (see Zorzi, 1995). Clusius’ drawing was interpreted by Garman (1913) as depicting 
a taxon with the origin of first dorsal opposite the pelvic fins and no lower lobe of the caudal 
fin. On the other hand, this same drawing was interpreted by Dingerkus as a taxon having the 
origin of first dorsal fin anterior to the origin of the pelvic fin and with the lower lobe of the 
caudal fin. In terms of distribution range, Garman cited P. pristis for Mediterranean and East 
Atlantic. On the other hand, Dingerkus’ P. pristis (Garman’s P. microdon) was found 
circumtropically. 
The second problem is related to the largetooth morphotype B, distributed 
circumtropically (Garman’s P. microdon, Dingerkus’ P. pristis). Several nominal species 
have been applied to this same morphotype based on non-diagnostic characters or 
biogeographical inference. There is no known morphological character to distinguish the 
following largetooth nominal species (distribution indicated in parenthesis): P. perotteti 
(Atlantic or Atlantic-East Pacific), P. microdon (Indo-West Pacific or Indo-Pacific), P. 
zephyreus (East Pacific), P. leichhardti (northern Australia), among others. The first two 
nominal species are considered valid by Compagno (1995, 1999). 
The original work of John Latham (1794) entitled “An essay on the various types of 
sawfish” was the first to attempt to identify and describe all species of sawfish. However, 
despite Latham’s best efforts, the taxonomy of the group has remained unsettled. This thesis 
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chapter represents a comprehensive critical evaluation of the historical taxonomic evidence 
supplemented with empirical observations based on morphology, genetics and geographic 
distribution, in an effort to develop an accurate and natural taxonomy for the group. 
Resolution of the systematic problems in this group, as with any group, requires 
examination of representative specimens of all species distributed throughout their 
geographical range. Molecular tools can provide useful characters with which to assess both 
the taxonomy and biogeographic structure of a group. In this study, DNA sequencing 
methods are applied to complete specimens and isolated rostra deposited in museum 
collections as well as to specimens collected in the field by collaborators. 
 
Material & Methods 
Approach to species delimitation 
Despite the importance of species as an essential unit for biodiversity, there has been 
little agreement over what a species is and just over the last two decades at least more than 20 
species concepts have been proposed (Mayden, 1997). Two concepts are more commonly 
invoked in biodiversity studies. The Biological Species Concept (BSC) defines species as a 
group of populations that interbreed (or at least would interbreed if not geographically 
separated). The essential distinction of species is reproductive isolation (Dobzhansky, 1937, 
Mayr, 1942, 1963). Among the main criticisms to BSC are that it can not be applied to 
asexual organisms, the difficulty in determining if fully allopatric forms are the same species 
or not and that species can only be defined in relation to other species (Turner, 1999). 
Kullander (1999) briefly defines a species based on the phylogenetic species concept 
(PSC) (Cracraft, 1983) as the smallest recognizable unit in a phylogenetic genealogy. Among 
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relevant properties of this concept is that the PSC recognizes species by diagnostic 
characters, without consideration of speciation mechanisms, reproductive properties or 
distribution. The PSC also have the potential to better resolve the problem of asexual species 
and allopatric forms. Among the main criticisms is the treatment of ancestral species and its 
tendency to suggest splitting of previously considered single taxon (Turner, 1999). 
In the present study, the PSC is followed. One of the reasons for adopting this species 
concept was due to its better properties in dealing with the problem of allopatric forms, 
which is a primary concern for this study (e.g. largetooth complex). A second reason to chose 
PSC was because it provides a definite criteria for species delimitation (although the BSC 
distinguishes species based reproduction criteria, in most studies, this is mostly inferred 
indirectly based on observation of distribution and morphology). 
The operational criteria for species delimitation used in this study was based on 
partial NADH2 (mtDNA) haplotype phylogenies. This followed Wiens & Penkrot’ (2002) 
protocol for species delimitation that includes obtaining a haplotype phylogeny of 
populations of a “focal species”, which is the species in question whether to indeed compose 
one or more closely related species. Their protocol involves finding deep or well-supported 
basal nodes excluding groups of populations from different geographical areas. These nodes 
could be interpreted as splits into different species. Failure to find such defined geographical 
structure of populations is interpreted as indication of gene flow, suggesting populations to 
compose a single species (the authors also described an optional inclusion of Nested Clade 
Analyses for statistical testing of geographical signal). This methodology does poorly in the 
case of sympatric species but provides useful criteria for investigation of questions of 
allopatric populations (Sites & Marshall, 2004). The sampling design for Weins & Penkrot’s 
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(2002) method requires at least two individuals from as many localities possible within the 
range of the species in question in order to increase the strength of between-population gene 
flow inference and that closely related species also be part of the analyses (Sites & Marshall, 
2004). 
 
Specimens and tissue samples 
Material from 17 ichthyological collections was examined between August 2002 and 
August 2005. The collections, including the number of specimens examined and the 
abbreviations for the host institutions are shown below: 
 
AMNH, American Museum of Natural History, New York (n= 18);  
ANSP, Academy of Natural Sciences of Philadelphia, Philadelphia (n= 9);  
BMNH, The Natural History Museum, London (n= 159); 
FLMNH, Florida Museum of Natural History, U. of Florida, Gainesville (n= 13); 
FMNH, Field Museum of Natural History, Chicago (n= 34);  
GN, Collection of Gavin J. P. Naylor, Tallahassee (n= 2);  
INPA, Instituto Nacional de Pesquisas da Amazônia, Manaus (n= 3);  
MCZ, Museum of Comparative Anatomy, Harvard University, Cambridge (n= 28);  
MNHN, Muséum National d’Histoire Naturelle, Paris (n= 50);  
MNRJ, Museu Nacional do Rio de Janeiro, UFRJ, Rio de Janeiro (n= 10);  
MR, Collection of Matthew McDavitt, Charlottesville (n= 39);  
MRCA, Musée Royal de l'Afrique Centrale, Tervuren (n= 27);  
RMNH, Nationaal Natuurhistorisch Museum - Naturalis, Leiden (n= 109);  
TCWC, Texas Cooperative Wildlife Collection, TAMU, College Station (n= 2);  
USNM, National Museum of Natural History, Washington, D. C. (n= 73);  
YPM, Yale Peabody Museum, Yale University, New Haven (n= 22);  
ZMB, Zoologisches Museum der Humboldt Universität, Berlin (n= 83). 
 
In addition, collaborators provided digital photographs of isolated rostra from 128 
extra specimens from three other collections. This additional material is cited in the text or 
tables with the following abbreviations:  
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IFAN, Institute Fondamental d’Afrique noire, Gorée (n= 10), sent by B. Séret;  
JS, Collection of Jason Seitz, Gainesville (n= 10), sent by the owner;  
PCA, Collection of Patricia Charvet-Almeida, Belém (n= 108), sent by the owner.  
 
 Finally, additional photographs, information on occurrence, and rostral tooth counts 
were obtained from Taniuchi et al. (2003) (n = 4), Dr B. Séret (n = 18; abbreviation [BS], 
sent to V. Faria) and Dr L. Compagno (n = 53, abbreviation [LC], sent to M. McDavitt). 
 
Material examined for external morphology consisted of complete museum 
specimens (n = 241), dried rostra (n = 518) and other isolated anatomical pieces (n = 14). 
Whole specimens included representatives of all age classes, but were heavily biased toward 
embryos, newborns and juveniles. By contrast, the majority of dried rostra were from adult 
specimens. In many cases, identification of the material at the species level was not possible 
due to poor condition of specimens (specimens not included in the study). 
Tissue samples of a subset of specimens examined in museum collections was 
collected for DNA sequencing (n=283). In all cases, samples were kept in the same 
solution/condition in which specimens were preserved (e.g., in the case of wet specimens, the 
same solution in which it was stored; in the case of dry specimens they were stored dry). 
Muscle of preserved wet specimens was sampled by means of a small incision on the right 
ventral side in a region posterior to the pelvic fins using a stainless steel disposable scalpel. 
The region from which dry stuffed specimens were sampled varied according to the 
condition of the specimen. This was usually a region somewhere along the ventral cut-line 
that extended for almost the entire ventral region of the specimen. In all cases, scissors were 
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used to extract samples of skin. Dry isolated rostra were usually sampled for muscle tissue 
(but also cartilage) located on exposed regions of the posteriormost region of the piece (after 
disposal of the external layer). Dry tissue was sampled from larger rostra using a portable 
drill. Smaller and more delicate saws were scraped with a disposable razor blade. In all cases 
care was taken to avoid cross contamination among samples. After sampling each specimen, 
gloves were discarded and table surface and all utensils were cleaned with 10% bleach 
solution. 
Colleagues and collaborators provided additional samples from live or fresh, recently 
caught specimens captured in the USA, Brazil, South Africa, and Australia. Specimens that 
were captured for tag and release studies had the posterior tip of their first dorsal fin clipped. 
Live aquarium specimens were sampled for blood. Liver and muscle tissues were collected 
from specimens that died in aquaria, were being traded in fish markets, or were collected 
with destructive sampling techniques. Isolated rostra traded in fish markets had a small piece 
of tissue extracted from the right side. Samples collected in the field were fixed in DMSO 
solution, with the exception of blood, which was fixed in Bouin's solution. The material 
examined spanned most of the known geographic range of sawfishes (Table III). 
 
Historical and type specimens 
All original descriptions and most of the early publications on sawfish were reviewed. 
These texts were translated from Latin, Dutch, French, Spanish and German to English. 
Specimens deposited in museum collections were critically examined for historical relevance 
to the literature. While examining specimens, close attention was paid to any subtle historical 
clues still visible on the specimens, such as original labels and marks. All information was 
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cross-referenced to produce a table where each described species was assigned to one or 
more morphotypes. Each available nominal species was evaluated within the context of its 
historical taxonomic usage. Finally, we classified the name as valid or not based on modern 
rules of zoological nomenclature. 
Throughout the historical section, original nominal species identifying specimens or 
text citations are kept. Nominal species not valid today are identified by the symbol † 
following the species name. When known, the most specific taxonomic rank to which a non-
valid nominal species refers is indicated. The taxon rank largetooth, smalltooth, and 
knifetooth refer to morphotypes described in Table I. 
 
DNA sequences: haplotypes trees 
Samples from museum specimens were handled in a building separate from that used 
for field specimens to minimize the possibility of cross-contamination. Isolation of total 
DNA from museum specimens was done using the GENECLEAN kit for ancient DNA 
(BIO101, CA) following manufacturer’s protocol. Between one and four regions of the 
protein-coding mtDNA NADH-dehydrogenase subunit 2 gene (ND2) were amplified from 
the museum samples. These regions varied in size between 220 and 350 base pairs (bps). The 
total size of DNA fragments obtained from a given specimen varied between 144 bp and 672 
bp. 
Total DNA from field samples was extracted using Roche High Pure PCR Template 
Preparation following manufacturer’s protocol for mammalian samples. All samples were 
sequenced for ND2. Amplification products were purified and sent to the DNA Sequencing 
and Synthesis Facility at Iowa State University and Florida State University for sequencing. 
 13
In total, DNA information of 61 sawfish specimens was obtained. Forty-four of these 
were derived from the 283 museum samples representing much of the reported geographic 
range for the group. Seventeen were derived from the freshly caught samples (Table II). 
Sequences from the automated sequencer were manipulated using Sequence Navigator 
(Parker, 1997). All sequences were aligned manually using Se-Al v2.0a11 (Rambaut, 1996). 
Maximum parsimony (MP) analyses were performed using PAUP* (Swofford, 2000). 
Maximum parsimony analyses were performed with heuristic searches having starting trees 
obtained via stepwise addition, simple addition sequence replicates, and tree-bisection-
reconnection (TBR) branch swapping algorithm. Support for each node from the majority 
consensus tree from each dataset was investigated with 1000 bootstrap pseudo-replicates 
(Felsenstein, 1985). All analyses were performed using PAUP* (Swofford, 2000). 
MP analyses were performed independently for each sawfish group, largetooth, 
smalltooth, and knifetooth. The goal was to maximize geographical coverage. However this 
limited the size of datasets since most geographical data was collected from museum 
samples, which limited the data set size to 144 bases for each group. For the largetooth, 
additional sequencing permitted further analyses reaching up to 603 bases. Knifetooth 
specimens were used as outgroup for largetooth and smalltooth analyses, while one 
smalltooth and one largetooth specimen were used as outgroup for analyses of knifetooth 
data. 
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DNA sequences: genetic distance 
In addition, the genetic distance between putative species composing the largetooth 
morphotype B and other pairs of closely related elasmobranches was estimated. The species 
were: Somniosus pacificus and S. microcephalus, Mustelus manazo and M. asterias, and 
Rhizoprionodon terraenovae and R. porosus. One specimen of each species, with the 
exception of putative P. zephyreus, was sequenced for the mitochondrial genes ND2, 
Cytochrome b (Cyt b), NADH-dehydrogenase subunit 4 (ND4), and 12S ribosomal RNA 
gene (12S), and the nuclear gene Recombination activation gene (RAG-1) and an intron 
region of the Glutamine synthetase gene (GS). The sole P. zephyreus sample was obtained 
from a museum specimen and was only sequenced for partial ND2. For each gene, the 
uncorrected p genetic distance between putative species and species pairs was calculated 
using PAUP*. Obtained values were plotted for visual comparison of genetic distances in 
order to observe how the genetic distance between largetooth putative species was related to 
distance between other pairs closely related taxa that are considered valid species. Obtained 
results were treated descriptively only since universal species−limit levels of genetic 
divergence can not be established. 
 
Morphometrics 
Original species identification of museum specimens was deemed unreliable. At the 
collection, catalog identification was recorded and each specimen (including isolated rostra) 
and then re-assigned by eye to a taxonomic rank, based on diagnostic characters described by 
Garman (1913) and Last & Stevens (1994) (see Table I for taxonomic ranks). Measurements 
were adapted from Taniuchi & Shimizu (1991) and Taniuchi et al. (1991) and taken using a 
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digital caliper or straight-line distance (Fig. 1a,b). Right and left rostral tooth counts were 
taken (including readily recognizable scars of lost rostral teeth). 
 Identification of specimens used in analyses of morphometric data followed 
taxonomic resolution after species delimitation criteria based on haplotype trees and review 
of historic taxonomy. Specimens with missing data were excluded from multivariate 
analyses, but were taken in account in ANCOVA analyses, species descriptions and 
summarizing tables. 
Each species was tested for sexual dimorphism via Analysis of Covariance 
(ANCOVA) using JMP (SAS Institute, 1999). Allometry was accounted by including the 
variable rostrum standard length in the model (RSL, Fig. 1b). This measurement was 
preferred over total body length (TL, Fig. 1a) because in many cases specimens were twisted 
as a result of preservation procedures, making TL difficult to obtain with accuracy. Analyses 
were performed in two steps. First, sex (group), RSL (covariate), and an interaction between 
these two variables were included the model. A significant interaction between two factors 
suggests the two sexes have heterogeneous allometry slopes, with the effect of one factor not 
independent of the presence of the other factor at some level (Zar, 1999). For the dependent 
variables in which the interaction term was not significant, analysis was re-run after removal 
of interaction term. This tested for sexual dimorphism while accounting for allometry. 
Significant variables were investigated by plotting each one against RSL and by examination 
of the adjusted least-squares (LS) means for each species. 
Pristis species were then compared for differences in morphometric and rostral tooth 
counts using ANCOVA. Between species comparisons were performed for all possible pairs 
of species within each of smalltooth and largetooth groups (three comparisons for each 
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group). Since sexual dimorphism was observed at some level for all species, sex was taken 
into account in the analysis. Besides “species” and “sex”, the ANCOVA model also included 
an interaction term between these two factors. For the variables in which the interaction term 
was not significant, analyses was re-run with the variables species (group), sex (group) and 
RSL (covariate). This analysis tested for species and sex differences while accounting for 
allometry. As in the case of sexual dimorphism analyses, significant variables were 
investigated by plotting each one against RSL and by examination of the adjusted least-
squares (LS) means for each species. 
Missing data and low sample sizes limited the application of multivariate analyses for 
investigation of species morphometrics differences. After list wise deletion of specimens and 
variables containing missing data, two datasets were assembled. One dataset was composed 
of both body and rostrum morphometrics data (totaling 42 variables acquired from complete 
specimens). The second dataset was composed of rostrum data only (totaling six variables 
acquired from complete specimens and isolated rostrum). Both datasets were standardized 
(log transformed) and subjected to Principal Component Analyses (PCA) to reduce 
dimensions and reveal the structure of the data. The second though fifth principal 
components, representing shape variation, were used as new variables for Canonical Variate 
Analyses (CVA). The goal of CVA is to maximize variation between species and minimize 
intraspecific variation (Dujardin et al. 1999). Each individual’s projection was plotted onto 
the first two canonical factors for visualization of the ordering of the taxa in the multivariate 
space. 
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Historical account 
Early or historical perception of sawfishes 
Sawfishes do not feature extensively in ancient Greek or Roman cultures. While 
Classical authors wrote at length concerning the behavior and morphology of some 
elasmobranch species such as dogfishes, skates, and torpedo rays (there was an entire book 
entitled Peri Narkes, “On Torpedo Rays”), sawfishes are mentioned without description and 
often confused with other marine animals. The Greeks and Romans occasionally mentioned 
“pristis”, “pristes” or “serra” but never clarified the morphological appearance, behavior or 
other features that would allow the sawfish to be clearly identified. Even in Classical times, 
many commentators assumed that “pristis” designated a type of whale, as the etymology of 
the word “pristes” refers to either to a saw, or alternatively, to “blowing”. 
 
The Renaissance period (1450-1600) 
During the Renaissance period (1450-1600), there was widespread belief that 
sawfishes were cosmopolitan. During this time sawfishes continued to be confused with 
orcas, swordfishes, and narwhals and were assumed to inhabit artic seas (like narwhals), hunt 
whales (like orcas), and sink ships (like swordfishes). In a paper published by Rondelet 
(1554), an improbable illustration of a sawfish combines cetacean and swordfish (Xiphius) 
traits. This sawfish was depicted with a impossibly stocky rostrum, oriented on the vertical, 
rather than horizontal plane, spouting like a whale. 
Olaus Magnus, writing in 1555 (published in 1658), summarized the common 
perception of sawfishes from his day:  
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The Saw-fish is also a beast of the Sea; the body is huge great; the head hath a crest, 
and is hard and dented like to a saw: It will swim under ships and cut them, that the 
water may come in, and he may feed on the men when the ship is drown’d (Magnus, 
1658, p 228). 
 
Seventeenth to mid-eighteenth centuries 
The first step toward a better understanding of sawfishes was the realization that they 
were distinct from whales and other animals (Clusius, 1605, reviewed in Latham 1794). At 
this time, sawfishes were considered a single species with a circumglobal distribution. Belon 
(1553), noted that sawfish may have up to 58 rostral teeth (29 per side) and included a 
naturalistic drawing of a rostrum with 22 teeth on the right and 24 on the left side. Rondelet’s 
improbable sawfish figure published in 1554 had 13 teeth on the right and 14 on the left. 
Clusius (op. cit.) notes tooth counts that range from 20 to 28 teeth per side and includes an 
illustration of one specimen viewed from the dorsal side with 17 teeth on each side and a 
second specimen viewed from the ventral side with 15 teeth on each side. It should be noted 
that the Clusius drawings are not accurate enough to allow confident analysis of anatomical 
details. Willughby (1686) describes tooth counts between 25 and 28 teeth per side. He 
reproduced Clusius drawings and described tooth counts as between 15 to 28 per side. Ray 
(1713) simply copies Willughby’s rostral tooth count. 
None of the references cited above distinguish different species of sawfish but 
collectively imply a range of tooth counts from 13 (Rondelet) to 29 (Belon) per side. The 
drawings reveal characteristics of both largetooth (Clusius) and smalltooth (Rondelet) 
specimens. Klein (1742) discusses the characteristics of a sawfish embryo (obviously a 
largetooth by the picture based on relative position and shape of fins) and discusses the 
placement of sawfishes either with sharks or batoids or to an intermediate group. In 
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summary, mid-18th century naturalists were aware of the earlier confusion between sawfishes 
and swordfishes and whales and had a clearer view about the general body form of sawfishes. 
They believed in a circumglobal marine distribution including temperate and cold to even 
freezing waters; and were unaware that different species of sawfish might exist. For example, 
Pitt-Rivers (1867) asserts: 
 
The saw-fish is amongst the most widely distributed of fishes, belonging to the arctic, 
antarctic, and tropical seas (Pitt-Rivers, 1867, p. 684). 
 
The mid-eighteenth century: C. Linnaeus 
The mid-18th century was a crucial time in the history of sawfish taxonomy. In 1738 
Carl Linnaeus published the posthumous work of his longtime friend and colleague Peter 
Artredi. Two sections of Artredi’s Ichthyologia sive Opera Omnia Piscibus Scilicet cite 
sawfish using the pre-binomial phrase: “Squalus rostro longo cuspidato osseo plano 
utrinque dentato (translation: “shark with a long, pointed, boney, flat rostrum, toothed on 
both sides”). In 1746 Linnaeus published Fauna Svecica (“Swedish Fauna”) and included the 
sawfish (defined with the same pre-binomial phrase mentioned above) as occurring in 
Swedish waters and the “Western Oceans” generally, emphasizing the prevailing 
misconception of the period that sawfishes were globally distributed 
Linnaeus’ most interesting discussion of sawfishes was published in 1754 in his work 
entitled "Museum Adolphi Friderici". In this work Linnaeus describes various rostra in the 
Museum Regius, one of which is four feet in length, all of which were “blunt” (presumably 
distinguishing them from swordfish rostra). He describes some small rostra with tooth ranges 
from 21 to 27, and other larger rostra with 17 teeth on each side. Based on his descriptions it 
 20
seems likely that he examined more than one species. However, he did not allude to the idea 
that more than one species existed in the samples he examined. It is regrettably that the 
specimens examined by Linnaeus may never be recovered since the former Museum Regius 
collection was relocated to other collections and information on its original source (the 
Museum Regis) was lost. 
Finally, in the 10th edition of the Systema Naturae (1758) Linnaeus grouped reptiles, 
amphibians, chondrichthyans, and other supposedly “higher” fishes (like lampreys, 
sturgeons, anglerfish, lumpfish, triggerfish, trunkfish, pufferfish, shrimpfish, pipefish, and 
dragonfish) into a single group called “Amphibia.” The class Amphibia was then split into 
(1) Amphibia Reptiles (including turtles, lizards, and frogs – quadrapeds), (2) Amphibia 
Serpentes (snakes, and snake-like reptiles and amphibians such as amphisbaena and 
caecilians – apoda), and (3) Amphibia Nantes (the swimming, finned forms including 
elasmobranchs and some other fish groups named above). Linnaeus named Squalus pristis as 
the 14th recognized species of shark (all included in the genus Squalus). Linnaeus did not 
provide diagnostic characteristics in his description of Squalus pristis. Included alongside the 
binomial was the phrase:  
 
14. S.[Squalus] rostro ensiformi osseo plano utrinque dentato (Linnaeus, 1758, p. 
235). 
 
A translation for the above phrase follows: Species # 14. shark with a flat bony, 
sword-shaped snout toothed on both sides. Linnaeus then cites the distribution as “in 
Europa”. Linnaeus did not mention other details about the body form of this species but 
referenced nine published articles that mentioned sawfishes (discussed above). The drawings 
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referenced by Linnaeus reveal both largetooth sawfish characteristics (Clusius) and those of 
smalltooth sawfish (Rondelet). It seems that Linnaeus intended to distinguish sawfishes as a 
single species of shark, but was unaware that different sawfish species might exist. Latham 
subsequently challenged this view in 1794. 
 
J. Latham (1794) 
In a 1794 paper entitled “An essay on the various species of sawfish”, Latham states 
that the purpose of his article was: 
 
… to endeavor to identify as different species the various kinds of sawfish, which 
have hitherto caused much confusion, from being esteemed as mere varieties, or 
sexual differences of one and the same species… (Latham, 1794, p. 273). 
 
Latham reviewed the literature of sawfishes, noted morphological differences due to 
maturity and discussed the evolutionary position of sawfishes, and the confusion with other 
animals that had been made by the ancients. Latham elevated the status of the name Pristis to 
the genus level and introduced five nominal species. Based on his descriptions and what we 
now know about sawfishes he: (1) identified A. cuspidata correctly, giving it the name Pristis 
cuspidatus; (2) identified a smalltooth morphotype (his description encompasses all three 
known sawfish smalltooth forms) and called it P. pectinatus (= P. pectinata); and (3) 
identified the largetooth morphotype but mistakenly believed that adult and juvenile 
specimens were two species (Pristis antiquorum† and P. microdon, respectively). 
The nominal species P. antiquorum† can be assigned to a largetooth morphotype 
based on the isolated rostrum depicted by Latham. However, the description of the body form 
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given in Latham’s text was too vague to be useful to taxonomists and subsequently caused 
considerable taxonomic confusion (e.g., Müller & Henle, 1841). The name “antiquorum” 
suggests that this is the species discussed by the ancient Greeks and Romans (antiquorum = 
ancient). Latham added earlier sawfish literature, including Linnaeus’ S. pristis† (= currently 
in use as Pristis pristis) into his list of synonyms and references. 
Latham’s P. microdon was a juvenile largetooth based on the rostrum depicted in his 
publication. Sawfish embryos have a protective membrane that covers the rostral teeth. 
Latham’s specimen still had a residual rostral sheath attached (as depicted on picture). This 
caused him to think that he was dealing with a separate species with unusually small rostral 
teeth (as only the tooth tips protrude from the membrane). Body proportions of this juvenile 
as reported by Latham were also odd, possibly due to some typographical error. Later 
ichthyologists adopted the neonate minute teeth (and the membrane sheath) as an identifying 
character for this species. 
Latham identified a sawshark as a different species, although apparently was not 
aware that sawsharks were sharks whereas sawfishes were batoids. He gives the sawshark 
shark the name Pristis cirratus (= Pristiophorus cirratus). Four years after his work, 
Lacepede (1798) realized that the sawshark P. cirratus was quite distinct from other Pristis 
species. 
 
Bloch & Schneider (1801) 
Latham’s impact on our understanding of sawfishes was so profound that throughout 
the entire next century there was an urge to describe new sawfish species. However, with few 
complete specimens available for study and little familiarity with sawfishes, the newly 
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described sawfish species were generally based on non-diagnostic characters, ontogenetic 
differences, individual variation, and sexual dimorphism. 
Bloch & Schneider (1801) described two new nominal species based on what we now 
know are non-diagnostic characters. They recognized Latham’s P. pectinatus (= smalltooth), 
P. cuspidatus (=A. cuspidata), P. microdon (= largetooth) and P. cirratus (= sawshark 
Pristiophorus cirratus), but renamed P. antiquorum† (=largetooth) to P. caniculata†, to 
reflect the grooved backs of the rostral teeth, a trait mentioned by Latham to define P. 
antiquorum†, but one that is actually diagnostic for the genus Pristis. Bloch & Schneider 
(1801) also named a new species, P. granulosa† (= P. pectinata), based on a published 
capture from Cuba (Parra, 1787). The etymology of this nominal species reflects Parra’s 
description of a sawfish with a “granulous” mouth, which again, proved not to be a 
diagnostic trait for any one species but one common to all sawfish species. 
In 1803 Russell described a complete specimen of A. cuspidata based on a specimen 
captured in India (Latham’s original description was based on two isolated saws from adult 
specimens). Russell identified this species following Linnaeus’ S. pristis (=P. pristis). It is 
possible that he was not aware of Latham’s work (published 9 years before). It is also 
possible that Russell followed the perception prevalent at that time that sawfishes comprised 
a single species. Russell’s specimen was clearly a juvenile A. cuspidata. Shaw (1804) 
subsequently described P. semisagittatus† (=A. cuspidata) based on Russell’s description of 
a barbed rostral tooth sawfish. 
It is interesting to note that in a publication dated c. 1820, called "The History of 
Fish", the sawfish is said to inhabit the northern seas of Iceland, Greenland, and Spitsbergen. 
The article correctly describes basic features of the body of a sawfish, but erroneously 
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mentions that they use their saws to "engage the whale.” In his book on fishes of India, Day 
(1878) stated “one has been known to cut a bather entirely in halves." These publications 
give insight into the prevailing historical views of sawfishes and how people slowly came to 
change their views from the existence of a mythical creature toward the existence of multiple 
species found in tropical waters. 
 
Müller & Henle (1841) 
Müller & Henle published the first comprehensive review of all elasmobranchs in 
1841. They recognize both Latham' s P. cuspidatus (= present A. cuspidata) and Shaw's P. 
semisagittatus† (=A. cuspidata) as valid species. They described one new species: P. perotteti 
from a specimen collected from freshwaters of Senegal (West Africa). Based on Müller & 
Henle’s description, it is clear that it was a complete largetooth specimen. This was only the 
second time a complete largetooth species was described. The other species are three of 
Latham's nominal species (identity of Latham’s actual specimen[s] is indicated in 
parentheses): P. antiquorum† (=adult largetooth), P. pectinatus (=smalltooth), and P. 
microdon (=young largetooth). 
It is apparent that the limited original descriptions made it difficult for Müller & 
Henle to associate Latham's nominal species to real specimens. In many aspects, their re-
description of P. antiquorum† is clearly of a smalltooth sawfish, although it is not possible to 
distinguish which one of the three currently accepted species: P. clavata, P. pectinata, or P. 
zijsron. The distribution is described as Mediterranean Sea and West Ocean as stated in 
previous references for this species. 
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The description of P. microdon reveals the difficulties in interpreting Latham's 
original description. Müller & Henle follow the concept of the protective rostral membrane 
sheath as a character. Based on the description, it is clear they had a neonate smalltooth 
sawfish rather than a largetooth, as had been the case for Latham. In summary, Müller & 
Henle took two nominal species used by Latham when describing an adult and juvenile 
largetooth, and applied them to an adult and a juvenile smalltooth.  
Finally, because both Müller & Henle’s P. antiquorum† and P. microdon were 
smalltooth specimens they had concerns that Latham's P. pectinatus (which was in fact a 
smalltooth) was simply a synonym of P. antiquorum†. 
 
Bleeker (1851 to 1853) 
Up to this point, European ichthyologists based in museums had carried out the 
majority of sawfish species descriptions or reviews. But this changed with taxonomic 
ichthyology in the South Indo-West Pacific by P. Bleeker in the mid-nineteenth century. 
Bleeker had access to fresh sawfish specimens from Indonesian waters. Bleeker's 13 articles 
mentioning sawfish were published from 1851 to 1875. The first four have direct relevance 
to sawfish taxonomy (Bleeker 1851b, 1852a, 1852b, and 1853) while the others only list 
sawfish species in faunal checklists of South Indo-West Pacific and China (Bleeker 1855, 
1856a, 1856b, 1860, 1861, 1865, 1873, 1875, and posthumous 1983). 
Bleeker correctly identified that a protective rostral teeth membrane sheath was 
responsible for the small teeth of P. microdon. However, he did not realize that this sheath is 
common to all neonate sawfishes. Instead, he formally established it as a character. Müller & 
Henle’s P. microdon was a smalltooth. But, Bleeker clearly described this species based on a 
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largetooth specimen (following Latham’s original description). Incidentally, despite the 
character mistake, his work stabilized the link between the nominal species P. microdon and 
a largetooth morphotype. 
Bleeker follows Müller & Henle (1841) in recognizing both Latham's P. cuspidatus 
(= young to adult A. cuspidata) and Shaw's P. semisagittatus† (= neonate A. cuspidata) as 
valid species. 
Bleeker's most visible contribution to sawfish taxonomy was the discovery of a 
second smalltooth sawfish species: P. zijsron. However, the history of Bleeker's perception 
about sawfishes is confusing and has puzzled ichthyologists to this day. Bleeker's work is 
problematic because: (1) He described three species based on isolated anatomical pieces; (2) 
made odd nomenclatural decisions; (3) had inconsistent spelling (e.g. P. zijsron and P. 
zysron†); (4) did not use the earliest published reference when referring to species described 
by himself; and (5) changed species identification criteria through time (1851-1875). 
Detailed accounts of these problems are being published elsewhere (Oijen et al., 2007). 
Below follows a summary of the facts, with additional information. 
1851-1852.  Bleeker described P. zijsron as a new species in a paper published in 
1851 (Bleeker 1851b). This manuscript was written in August 1851 and therefore published 
in the same year, according to Bleeker (1878). However, neither he nor any of his 
contemporaries ever referred to this publication. Instead, they refer to Bleeker (1852a), which 
has a more detailed description of this species. Evidence revealed that the manuscript 
published as Bleeker (1852a) was actually finished in June 1851. Therefore, Bleeker (1851b) 
is a copy of Bleeker (1852a) and not the opposite. 
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Bleeker described P. zijsron based on an isolated rostrum (RMNHD 7418) (Bleeker 
1851b). (Throughout the text of the description he interchangeably uses P. zijsron and P. 
zysron†.) He subsequently described P. dubius† (= P. zijsron) (RMNH 34134) based on a 
caudal fin (Bleeker 1852a). 
Still in 1852, Bleeker obtained a juvenile largetooth specimen (rostrum, head and skin 
specimen, BMNH 1867.11.28.185). He mistakenly believed that this third specimen (which 
is a juvenile P. microdon) was of the same species as the examined isolated rostrum 
(RMNHD 7418, P. zijsron). He then redescribed P. zijsron, this time using the misspelling P. 
zysron† (= P. zijsron) (BMNH 1867.11.28.185). 
1853.  Bleeker later examined a complete specimen of a true P. zijsron (Bleeker 
1853). He then realized two things: (1) the isolated rostrum (RMNHD 7418, holotype of P. 
zijsron) and the caudal fin (RMNH 34134, holotype of P. dubius†) were the same species, 
and (2) the specimen he had just used for the redescription of P. zijsron using the name P. 
zysron† was in fact of a third species. Bleeker made two decisions: (1) He synonimized P. 
zijsron (rostrum) and P. dubius† (caudal fin), but kept the newer name for this species 
(instead of the oldest), (2) He kept the name P. zysron† for this allegedly new species (which 
in fact was P. microdon). 
Bleeker’s decision was very peculiar in relation to modern zoological nomenclatural 
rules and confused subsequent ichthyologists. Bleeker cited sawfishes in papers published 
from 1851 to 1875 and incorporated new information available throughout this period. This 
made his identification system look chaotic and nonsensical. However, historical evidence 
from literature and specimens (nine in total still available in collections) revealed that 
Bleeker did have a logical identification key for sawfishes. Neonate P. microdon were 
 28
identified as P. microdon. However, juveniles of this species (that would lack a membrane 
covering the rostral teeth) were identified as P. zysron†. P. zijsron specimens were 
consistently identified as P. dubius†. Neonate A. cuspidata specimens were identified as P. 
semisagittatus†, while juveniles and adults as P. cuspidatus. 
 
Duméril (1865) 
Twenty-four years after Müller & Henle's Plagiostomen and almost 15 years after 
Bleeker's first papers on sawfish, Duméril published a review of cartilaginous fishes. 
Duméril's chapter on sawfish compiles known species and described new ones. All his newly 
described species (e.g. P. megalodon†, P. occa†, P. acutirostris†, and P. leptodon†) were 
later considered synonyms or species incertae (P. occa†). Duméril mentioned one specimen 
whose identification was doubtful that he referred to informally as "brevirostris". A review of 
this specimen, now catalogued as MNHN 0-2607, suggests it belongs to the P. clavata 
specimen that would be described by S. Garman almost 40 years later. [Gunther 1870 
synonymized Duméril's "P. brevirostris" with P. pectinata, even though Duméril had not 
formally described brevirostris as a new species]. 
Despite the mistakes in describing, or not describing, new sawfish species, Duméril's 
work provided a compilation of what was known about sawfish species at the time. He 
combined information previously available only in German (Müller & Henle 1841) and 
Dutch and Latin (Bleeker) translating it into the same language (French). He supplemented 
this information with additional data obtained from specimens deposited in the MNHN 
collection. He also provided a tentative standard description for each species including a list 
of synonyms, diagnostic characters, and habitat with geographical distribution. Because most 
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of the information available was only sketchy, his standardization exposed the limitations 
and problems of each taxon. 
Perhaps the most relevant of his accounts was of P. antiquorum†. Duméril 
summarized information from Latham (1794) and Müller & Henle (1841). However, these 
authors had described different species under the same name. Therefore, by combining both 
descriptions, Duméril had formally sealed the fate of this nominal species as an entity that 
did not exist. Duméril’s P. antiquorum† contained both characteristics of adult largetooth 
(rostrum as in Latham) and adult smalltooth (body characteristics as in Müller & Henle). 
Linnaeus’ S. pristis (=P. pristis) was considered its synonym. The only specimens Duméril 
was able to identify as P. antiquorum† were isolated rostra of adult largetooth. 
Besides the fact that adult largetooth isolated rostra would be identified as P. 
antiquorum†, other ontogenetic phases of different largetooth species were given other 
names: neonate largetooth as P. microdon, juvenile largetooth as P. zysron† (after Bleeker), 
and finally, complete adult largetooth as P. perotteti. The identification of smalltooth species 
was equally or even more confusing. Duméril followed Bleeker in identifying a juvenile P. 
zijsron as P. dubius†, but immature forms of all three smalltooth sawfishes were identified as 
P. pectinatus (= P. pectinata), P. megalodon†, P. occa† (?), P. leptodon†, and P. 
acutirostris†. 
Duméril followed Müller & Henle and Bleeker in their interpretation of knifetooth 
sawfishes considering both P. cuspidatus (young to adult A. cuspidata) and P semisagittatus† 
(embryo or juvenile A. cuspidata) to be valid species. 
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A. Gunther (1870) 
After Latham introduced the idea that several different sawfish species might exist, 
there was a rush to describe species based on any character not mentioned before. British 
museum ichthyologist A. Gunther took it upon himself to reevaluate the evidence for the 
taxonomy of sawfishes. In his catalogue of fishes of the Natural History Museum (British 
Museum) published in 1870, Gunter recognized P. semisagittatus† as a neonate of P. 
cuspidatus (=A. cuspidata). He also realized that what Bleeker had referred to as P. dubius† 
was in fact P. zijsron and what Bleeker inferred to be P. zysron† was a young largetooth. 
Gunther reassigned P. zysron† as a synonym of P. zijsron. 
Gunther's view of the nominal species P. pectinatus (= smalltooth) was also much 
improved compared to earlier descriptions (Latham, Müller & Henle, and Duméril). 
Gunther's description of P. pectinatus is very close to what we now understand as P. 
pectinata, which is the smalltooth sawfish restricted to coasts of the Atlantic Ocean. 
However, he identified as P. pectinata smalltooth specimens captured in the Indo-West 
Pacific. This likely because: (1) P. clavata was not yet described and P. clavata and P. 
pectinata juveniles are similar in external morphology, and (2) P. pectinata and western 
Indian Ocean P. zijsron adults are also similar in external morphology. He synonymized all 
Duméril's recently described species as synonyms of P. pectinata (which included specimens 
of all three smalltooth species). The view of a circumglobal P. pectinata was thus 
perpetuated in the liturature. 
Gunther had strongly different views about the taxonomy of the largetooth group. The 
largetooth group is very conserved morphologically. This has puzzled ichthyologists until 
today. Not surprisingly, earlier ichthyologists were also confused: (1) They ignored 
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geographical forms (e.g. Eastern Pacific, Atlantic, and Indo-Pacific); (2) instead, they 
considered each maturation stage a species. Largetooth embryos and neonates were identified 
as P. microdon, juveniles as P. zysron†, and adults as P. perotteti. Gunther also ignored the 
geographical component, but understood the second problem associated with maturation 
stages. He synonymized all largetooth to P. perrotteti† (misspelling) (=P. perotteti). 
Gunther accepted the abstract concept of P. antiquorum† following Müller & Henle 
and Duméril. Because this taxon was a hypothetical combination of rostrum shape and fin 
positions, Gunther was, like Duméril before him, unable to find complete specimens of this 
species (only isolated adult largetooth rostra). 
 
Jordan (1895) 
In 1895 Jordan described a new largetooth species, P. zephyreus†, which he found to 
be different in morphological proportions from West Africa's P. perotteti. He also invoked 
biogeographical differences between the tropical Eastern Pacific (EP) and West Africa to 
justify his designation of the EP form as a separate species.  
 
Garman 1906 
In 1906, Garman described the third smalltooth species, P. clavata, from a very 
young specimen, which led him to mistakenly consider non-diagnostic characters as 
diagnostic. Nevertheless his description remains useful. His direct comparison with other 
sawfish species was especially valuable, as it had never been done before. 
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Garman 1913: The non-existent sawfish P. antiquorum turns P. pristis 
It would take seven more years after Garman’s 1906 description of P. clavata for the 
delivery of the most influential publication on sawfish taxonomy for the entire century: 
Garman's "Plagiostomia -sharks, skates & rays" book in 1913. Garman provided an 
identification key for the group. His key represents an important advance. Earlier attempts at 
keys (Bleeker and Duméril) were very crude and riddled with non-diagnostic characters. 
Garman added his newly described species P. clavata to all species described in 
Gunther (1870). He followed Gunther's opinion about P. cuspidatus (=A. cuspidata), P. 
pectinatus (=P. pectinata) and P. zysron (=P. zijsron). Garman made two changes in the use 
of nominal species: changed P. perotteti for P. microdon (referred to a single circumglobal 
largetooth species), and P. antiquorum† for P. pristis (referred to the non-existent sawfish as 
in Duméril and Gunther). These changes were a formality to comply with the priority rule 
based on first description (In Gunther 1870 P. microdon and P. pristis were considered 
synonyms of P. perotteti and P. antiquorum, respectively).  
Although Garman agreed with most of Gunther's work, he introduced a viewpoint 
that was to have a huge impact on sawfish taxonomy. Based on Duméril and Gunther´s 
descriptions, Garman formalized the connection between Linnaeus’ (1758) Squalus pristis 
and Latham’s (1794) P. antiquorum† and proposed that Linnaeus’ Squalus pristis was 
actually derived from Clusius’ (1605) drawing:  
 
It is from Clusius that the species to which Linnaeus' gave the name Squalus pristis is 
identified (Garman, 1913, p. 264). 
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Garman substantiates his claim by highlighting the similarities between the 
description of S. pristis (= P. pristis) and the Clusius drawing: 
 
As figured by Clusius there are fifteen to sixteen teeth on each edge of the rostrum, 
the origin of the first dorsal is above that of the ventrals, the second dorsal is about as 
large as the first and does not reach the caudal, and there is no subcaudal lobe. Later 
authors give sixteen to twenty pairs of rostral teeth, trenchant on the forward edge. 
Rostrum broad, tapering (Garman, 1913, p. 264). 
 
In order to understand Garman’s thinking, it is instructive to consider what was 
known about sawfishes at the time. First, all major sawfish morphotypes had been described: 
the knifetooth P. cuspidatus, the smalltooth (P. pectinatus, P. zysron, and P. clavata) and the 
largetooth forms (P. perotteti with P. microdon as a junior synonym and P. zephyreus). The 
largetooth forms were considered to be one species by both Gunther and Garman although 
Gunther used the name perrotteti (misspelling) (= P. perotteti), while Garman used 
microdon. An additional species, P. antiquorum† was also thought to exist at this time. 
However as we shall see, P. antiquorum† would prove to be both illusory and the source of 
taxonomic confusion for nearly 200 years, as P. antiquorum† already had an extensive 
intellectual provenance even by Garman’s time. It had been endorsed by Müller & Henle 
(1841) in their re-assessment of Latham’s (1794) original description and had gone 
unquestioned as a valid species for the 70 years after Müller & Henle’s re-affirmation of its 
validity. Unfortunately, the specimen that Müller & Henle examined and assigned as P. 
antiquorum† was a smalltooth specimen while the specimen (notably the saw) that had been 
originally assigned as antiquorum was from a largetooth form. Thus subsequent to Müller & 
Henle, P. antiquorum† was believed to have the body proportions of a smalltooth and the 
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rostral features of a largetooth. Not surprisingly, workers subsequent to Müller & Henle such 
as Dúmeril and Gunther were never able to find a complete specimen that matched the 
description – because no such creature existed! Instead they had to content themselves with 
isolated rostra from various largetooth specimens, believing they were P. antiquorum†. 
Nevertheless, the idea that P. antiquorum might be fictitious never occurred to researchers 
until almost 200 years later. 
The possibility that Garman had never seen a complete specimen of P. 
antiquorum/pristis and just repeated what was available in the literature about this illusory 
species is reasonable, but does not explain why he made the link between P. 
antiquorum/pristis and Clusius’ (1605) drawing. The referred figure is of poor quality. 
Perhaps the only useful taxonomic characteristic evident in the figure might be the robust 
rostrum and overall body shape suggesting a largetooth species. Other information based on 
fin shape or relative position is very limited and open to different interpretations. What is 
peculiar is that the poor definition of the figure might in fact be responsible for Garman's link 
between Linnaeus’ S. pristis and Clusius (1605). If one is to look to it and extract 
morphological features from it, it is easy to see how it might have a close correspondence 
with the illusory sawfish species created by Müller & Henle (1841) and established by 
Duméril and Gunther: a sawfish with low rostral tooth count and general largetooth shaped 
rostrum (as depicted by Latham in 1794) with the origin of the first dorsal over the origin of 
pelvics and no lower lobe on the caudal fin. We hypothesize therefore that Garman found in 
Clusius’ drawing a reference to an entity he did not have the chance to examine himself. This 
was a very important moment in sawfish taxonomic history because Garman's statement 
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became dogma that was never re-examined until now (after 93 years). Garman concluded his 
description of P. pristis including a list of synonyms and geographical distribution: 
 
Among synonyms, heretofore cited [in Linnaues 1758], Belon figures a rostrum that 
may have belonged to P. pectinatus; Rondelet places a saw, possibly of P. pristis, on 
the snout of a cetacean, and anything definite from Willughby, Ray, Artedi, the Fauna 
Suecica, the Mus. Ad. Frid., or the Systema, may be credited to Clusius. 
Mediterranean Sea and Atlantic (Garman, 1913, p. 265). 
 
The list of synonyms provided by Garman is the list of references cited by Linnaeus 
as a description of his S. pristis. Garman makes two inferences from this list. First, he 
realized that a smalltooth-like saw was depicted by Belon. Garman's inference about the 
smalltooth-like rostrum in Belon is accurate, as previously mentioned. Although a 
smalltooth-like rostrum would go against the usually robust largetooth rostrum associated 
with P. antiquorum/pristis at that time, Garman apparently ignores this fact instead of taking 
this as a clue that Linnaeus’ S. pristis could have been derived from mixed species. Second, 
Garman mentioned that other references (with the exception of Rondelet) appear to be based 
on Clusius. This inference is erroneous as explained above. In fact, Garman's inference is 
demonstrably untrue because Linnaeus confirmed having examined saws of several lengths 
in his book Museum Adolphi Friderici. Garman's mentioning of a Mediterranean and 
Atlantic distribution for his P. pristis followed the literature available at the time. Finally, it 
is important to mention that Garman's link between Linnaeus’ S. pristis and Clusius’ drawing 
was the first time one of Linnaeus’ original references had priority over another in defining 
his concept of S. pristis. 
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The confusion between the nonexistent sawfish-species and largetooth 
Garman's change in name priority was accepted by subsequent researchers but did not 
have much practical impact as he was redefining the same entities described previously by 
Müller & Henle 1841, Duméril 1865 and Gunther 1870. After Garman, the nominal (and 
illusory) species P. antiquorum† was completely substituted by P. pristis, identified only by 
isolated rostra from adult largetooth specimens from West Africa (complete largetooth 
specimens were identified as P. perotteti). The concept of a single globally distributed 
largetooth species was rejected by most researchers who kept a division between Atlantic and 
Indo-West pacific forms (called P. perotteti and P. microdon, respectively). There was some 
doubt about what to do with the Eastern Pacific form (originally described as P. zephyreus). 
In general it was considered either a synonym of the Atlantic or the Indo-West pacific form. 
 
G. Dingerkus (1983) 
Approximately 70 years after Garman (1913), G. Dingerkus started reviewing the 
family Pristidae through the examination of (mainly) external morphology of specimens 
deposited in most of main North American and European ichthyological collections. 
Unfortunately, he never published his findings so we cannot fully assess the extent of his 
knowledge about sawfish. However, he did publish his view of sawfishes as a symposium 
abstract (Dingerkus, 1983) in which he affirms that: 
 
There are 22 specific names available for sawfishes. The first of these is 
Squalus pristis Linnaeus, 1758. Linnaeus did not have a specimen, but rather 
based his description on Clusius 1605 illustration. This illustration and 
Garman's 1913 interpretation of it are re-evaluated, especially in light of 
examination of NE Atlantic and Mediterranean specimens. It is concluded 
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that Pristis pristis (Linnaeus) is the senior synonym of specific names 
including P. perotteti Valenciennes in Müller & Henle and P. microdon 
Latham, among others (Dingerkus, 1983, unpaginated, alphabetical). 
 
The statement that Linnaeus did not examine specimens and that he described his S. 
pristis based on Clusius were extracted from Garman (1913) and is consistent with what was 
generally accepted by ichthyologists at that time. However, the statement that P. pristis is the 
senior synonym of nominal species used to represent largetooth forms is a radical departure 
from what was believed at that time. This implies three things about Dingerkus’ view of 
sawfishes: (1) he agrees with Gunther and Garman that all largetooth forms represent a single 
species; (2) most notably, he recognized for the first time in history that the entity called P. 
antiquorum† from 1841 to 1913 (from Müller & Henle to Garman) and P. pristis (from 
Garman until his time) simply did not exist; and (3) he understood Clusius’ figure represents 
a largetooth sawfish, despite obvious limitations of the drawing. 
Dingerkus was the first researcher to attempt to review the group in it’s entirely and 
through the examination of specimens deposited in multiple collections. His conclusion about 
a single largetooth species may be a result of his own observation of how similar the 
geographical forms of this group are morphologically throughout the Atlantic, Indo-West 
Pacific, and East Pacific ocean basins. Dingerkus’ rejection of P. pristis as a separate entity 
might also have been related to his experience at the collections because he could not find 
any specimen with the characteristics described in the literature for this species. But he might 
also have believed that Clusius’ drawing was a largetooth since he agreed with Garman's 
assertion that P. pristis was based on Clusius. Therefore, although Dingerkus was correct in 
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identifying that P. pristis did not exist, he did not question Garman's erroneous link between 
Linnaeus S. pristis and Clusius drawing. 
Dingerkus' proposal of a single largetooth species was not accepted by most 
subsequent authors who preferred to keep the Atlantic and Indo-West Pacific forms as 
separate species (with the Eastern Pacific form either synonymized to the Atlantic or the 
Indo-West Pacific form by different authors). However, the impact of his opinions on the 
appropriate use of the nominal species S. pristis had divergent receptions in the scientific 
community. Dingerkus' ideas had practically no impact on researchers working on sawfish in 
West Africa (possibly due to the limited dispersal of his ideas?) and still today this fake 
entity is considered valid and with a distribution range of West Africa and Mediterranean. 
But on the other hand, his ideas had a profound effect on nomenclatural stability of the 
Western Atlantic largetooth form. Throughout the 1960’s and 1970's, T. Thorson conducted 
several studies on the Lake Nicaragua sawfish (Thorson, 1973, 1976, 1982). At that time, the 
nominal species used for Western Atlantic largetooth had been consistently P. perotteti 
(Bigelow & Schroeder, 1953). However, Dingerkus' ideas prompted some researchers to 
change P. perotteti to P. pristis. This was perhaps started in the second volume of Fishes of 
Gulf of Mexico and was gradually incorporated until the mid-nineties. This process was 
drastically accelerated by the publication of a review of historical taxonomy of freshwater 
elasmobranchs by Zorzi (1995). Unfortunately, Zorzi committed the same mistake of 
Dingerkus by not reviewing Garman's link between Linnaeus’ S. pristis and Clusius’ 
drawing. Zorzi also agrees with Dingerkus in considering Clusius’ drawing a largetooth and 
therefore questioning the validity of the illusory P. antiquorum/pristis concept. Zorzi's paper 
was read widely and gave confidence to subsequent authors to synonymize P. perotteti (and 
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sometimes P. zephyreus†) with P. pristis (McEachran & Fechhelm, 1998, McEachran & 
Carvalho, 2002, Carvalho & McEachran, 2003). 
 
Other contributions within the past century 
 Besides the problems involving P. antiquorum/pristis and its relation to largetooth 
species (P. zephyreus†, P. perotteti, and P. microdon), this was a period of relative 
nomenclatural stability for the other species. Anoxypristis cuspidata became a separate genus 
in 1912 after thorough anatomical comparisons proved this species distinct from Pristis 
(Hoffman 1912). Hoffman initially used the genus Oxypristis, which was decades later 
changed to Anoxypristis since the former was pre-occupied. The specific name P. zijsron 
supplanted completely P. zysron†. 
Recently, the spelling of several sawfish specific names was changed to correct their 
gender. In 1982, the genus name Pristis (and by extension Anoxypristis) was determined to 
be feminine (Thorson, 1982), and thus pectinatus became pectinata, clavatus became 
clavata, and cuspidatus became cuspidata. The specific name microdon remained 
unchanged, because a specific name in apposition to the generic name (a noun qualifying or 
explaining another) need not agree in gender (Art. 34.2.1). Zijsron too is apparently a noun 
meaning, “saw”, in the neuter gender, and thus the –on suffix remained. 
In 1905 H. Fowler erected a new subgenus, Pristiopsis, for sawfish species that have 
a caudal fin lower lobe (Fowler 1905). He then moved the largetooth species (P. microdon, 
P. perotteti, P. antiquorum, and P. zephyreus) to this subgenus, together with P. cuspidatus 
(= A. cuspidata). This view was reinforced in his review of Philippine fishes several decades 
later (Fowler, 1941). However, this revision was only rarely followed (e.g. Whitley 1945, 
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which used the subgenus as a genus name). Most authors did not follow Fowler as he 
grouped P. microdon with A. cuspidata, a pairing that seemed artificial and unsupported 
given the anatomical differences between these species. 
 In a publication about Australian fishes in 1940, G. Whitley recognized only two 
sawfish species: P. zijsron and P. clavata. He acknowledged another nominal species, P. 
microdon, but failed to find this species in Australia. This is because he still followed the 
concept of "very tiny teeth on the saw" as a character for P. microdon (Whitley 1940, p. 175). 
As a result of this assumption, he was not able to correctly identify a largetooth sawfish taken 
in the Lynd River, Queensland, in 1944 and described it as P. leichhardti† (Whitley 1945). 
He based his description on a series of apparently incorrect characters derived from a 
photograph. P. leichhardti† is simply the synonym P. microdon. 
 Possibly based on personal communication with G. Dingerkus, who was revising 
pristid taxonomy at the time, P. Kailola mistakenly considered P. clavata a junior synonym 
to P. zijsron (Kailola 1987, p. 24). Kailola followed Dingerkus in considering P. pristis the 
senior synonym of all other largetooth species and also that Pristiopsis was a junior synonym 
of Pristis. As part of a series of studies on freshwater elasmobranchs in Northern Australia 
and Papua New Guinea, Ishihara et al. (1990) provided detailed descriptions on P. clavata, 
considering it a valid species, and commented on the taxonomy of Pristidae. 
 As late as 1994, H. Bleher informally stated that juvenile sawfishes captured in the 
Sambu River, Pacific Central America, were possibly a new species. However, all visible 
characters in the published photo are consistent with a largetooth species (Bleher, 1994). 
 Finally, P. Last and J. Stevens published in 1994 a comprehensive review Australian 
elasmobranchs. Their key for the sawfishes is the latest available for the group. 
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Species account 
 
Genus PRISTIS Linck 1790 
Pristis [Greek: Pristis, ‘sawfish’, akin to prion ‘saw’] 
 
Generic synonymy 
Pristis Latham, 1794 
Pristobatus Blainville, 1816 
Pristobatys Blainville, 1818 
Pristes Fleming, 1822 
Pristibatis Blainville, 1825 
Myriosteon Gray, 1864 
Pristiopsis Fowler, 1905 
 
Diagnosis.  Sawfishes with rostral teeth present on basal quarter of the saw (along all 
rostrum). The number of rostral teeth per side varies between 14 and 37. Rostral teeth are 
pointed with sharp margins in young. In adults, rostral teeth are pointed with flattened and 
grooved posterior margin. Dermal denticles are present on entire body. 
 
Species groups 
Smalltooth group:  In smalltooth sawfish, the rostrum is slender, with proportion of 
rostrum width between the second anteriormost pair of rostral teeth and rostrum standard 
 42
length (RSL) varying from 5.1 to 13.7 (based on 218 specimens), while the proportion of 
rostrum width between the posteriormost pair of rostral teeth and RSL varied from 9.7 and 
19.9 (based on 231 specimens). The rostral teeth are perpendicular to the rostrum mid-axis. 
The first dorsal-fin origin is located between opposite to over half of the base of the pelvic 
fin. The lower lobe of caudal fin is absent in neonates and juveniles, being small but 
prominent on later stages of maturation, with proportion of the lower lobe in relation to the 
upper lobe of caudal fin varying from 41.9 to 63.4 (based on 49 specimens). 
Largetooth group:  In largetooth sawfish, the rostrum is robust, with proportion of 
rostrum width between the second anteriormost pair of rostral teeth and rostrum standard 
length (RSL) varying from 8.1 and 13.11 (based on 245 specimens), while the proportion of 
rostrum width between the posteriormost pair of rostral teeth and RSL varied from 15.8 and 
22.5 (based on 249 specimens). The rostral teeth are oblique to rostrum mid-axis. The origin 
of the first dorsal-fin is well forward the origin of the pelvic fin (end of first dorsal fin base 
over half of the pelvic fin base). The lower lobe of the caudal fin is distinct at all stages of 
maturation, with proportion of the lower lobe in relation to the upper lobe of caudal fin 
varying from 44.8 to 67.6 (based on 18 specimens). 
 
Delimiting species within the smalltooth group 
 Variation on rostral teeth spacing, squamation pattern, and relative position of origin 
of first dorsal and pelvic fins permitted the separation of smalltooth sawfishes into the three 
morphotypes described by Garman: morphotype C, putative P. pectinata, morphotype D, 
putative P. zijsron, and morphotype E, putative P. clavata (Table I). Amplification of the 
ND2 gene of museum and field specimen tissue samples, encompassing all three 
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morphotypes and most of known geographical range of putative species yielded an 
unambiguous dataset composed of 144 base pairs of 39 specimens. Two specimens of A. 
cuspidata were used as outgroup species in phylogenetic analyses. Of the 144 characters, 120 
were constant, and all 24 variable characters were parsimony informative. A single most 
parsimonious tree with three clades was obtained. Each one clade obtained was consistent 
with a morphotype. This topology was robust to resampling analysis, with bootstrap values 
between 99 and 100 (Fig. 2).  
One clade was composed solely of morphotype C, putative P. pectinata. Specimens 
composing this clade were collected in localities within the Atlantic Ocean coastline (west 
and east). A second clade was composed of morphotype D specimens, putative P. zijsron, all 
collected in localities within the Indo-West Pacific. Finally, the third clade was composed by 
morphotype E specimens, putative P. clavata, collected in Australia and Borneo in the West 
Pacific (Fig. 2). 
The deep and well supported nodes satisfy the phylogenetic species concept criteria 
(Kullander, 1999, Wiens & Penkrot, 2002). Furthermore, each species can be identified 
based on a combination of morphological characters. This was also be true for 
morphometrics data alone. CVA analyses of full body specimens (based on 42 variables) 
revealed no overlap of smalltooth specimens’ projections (Fig. 3). Results therefore support 
the classification of the smalltooth into three valid taxa, as in Compagno (1999) but not as 
Dingerkus (1983). Differences between species for external morphology as well as 
nomenclatural issues associated to each of them will be discussed below under individual 
species account sections. 
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Pristis clavata Garman, 1906 
(Fig. 4; Table III) 
 
Synonymy.  P. clavatus Garman, 1906 
Diagnosis.  The rostral teeth is equally spaced along the blade in juveniles. The origin 
of 1st dorsal fin is posterior to the pelvic fin origin (almost over). The lower lobe of caudal fin 
is absent in juveniles. The posterior margin of caudal fin is straight. No complete adult 
specimen was examined. Based on two isolated saws of adults (or sub-adults), the space 
between adjacent rostral teeth gradually widens distally. 
 Description.  Rostral tooth counts per side varying between 18 and 27. The rostral 
teeth are perpendicular to the rostrum mid-axis with an approximately equal length along the 
saw. The skin is uniformly covered with denticles. 
 In this study, all complete specimens were juveniles, hindering the investigation of 
this species maximum total length. The examined specimen with maximum total length was 
1,250 mm (ZMB 4526), collected in an unspecified West Pacific location. Maximum size 
reported for Australian waters is 3,060 mm (Peverell 2005). 
 Sexual dimorphism.  Sample sizes were small, hindering a through investigation of 
sexual dimorphism. Nevertheless, males and females differed for distance between spiracles. 
Females had higher values (least square means [standard error] for females and males were 
27.32 [0.039] and 26.08 [0.039], respectively) (Table IV). 
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Distribution (see also material examined).  Specimens examined at collections were 
collected in northern Australia, Papua New Guinea, Indonesia (Borneo), India, the Reunion 
Islands, and unspecific Indian Ocean and Western Pacific localities. Until recently this 
species, known as the dwarf sawfish, was considered to attain a maximum size of at least 
1,400 mm and be restricted to north Australia and Papua New Guinea waters. It is now 
known that it attains much larger sizes (Peverell, 2005) and it is also likely more widely 
distributed than previously thought. If geographical precedence and identity of specimens 
examined is correct, India and Reunion Islands would represent extremes in this species’ 
range. A range extension from West Pacific to India seems more reasonable from a 
biogeographical standpoint. Historical accounts cite a second smalltooth species from India 
in addition to P. zijsron. This second species has been usually identified as P. pectinata and it 
is likely to be a misidentification for P. clavata (see below). 
Evidence of P. clavata in the Reunion Islands should be viewed with caution. The 
specimen on which this occurrence is based was captured in the 1800’s and there is no details 
available about a more specific locality or sampling date associated to this specimen. Faunal 
lists from Reunion Island state the presence of a smalltooth species. This smalltooth is 
identified as P. pectinata, but we may consider it a misidentification, since accounts of the 
presence of this species in the Indo West Pacific are probably due to misidentification (see 
section about P. pectinata). It is more likely that either P. zijsron or P. clavata occur in the 
island. South African faunal lists also indicate a second smalltooth species besides P. zijsron. 
This second species has been historically identified as P. pectinata. Biogeographical patterns 
for a vast array of marine taxa from invertebrate to lower and upper vertebrates have shown 
that, in general, it is difficult for species from less rich biogeographical areas colonize richer 
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regions (Briggs, 2006). In this case, Indian Ocean colonization by an Atlantic species is a less 
probable scenario than the opposite. If this hypothesis is correct, either this second 
historically cited smalltooth species represents misidentifications of different age or maturity 
classes of P. zijsron, or it is indeed P. clavata, the second smalltooth Indian Ocean sawfish 
that has puzzled ichthyologists for such a long time. 
Morphometric comparison to other smalltooth (1): P. clavata and P. pectinata.  
body morphometric comparisons among P. clavata and other smalltooth sawfishes were 
limited to, at most, four females and three male specimens (for the variable total length, TL). 
In fact, for most variables, only three P. clavata specimens were included in the analyses. 
Analyses involving comparisons of rostrum data involved up to eight specimens, including 
both young and adults. Morphometric measurements were correlated with growth (the size 
covariate RSL), but the number of rostral teeth was not. 
P. clavata differed in ANCOVA from P. pectinata for body morphometrics by first 
and second dorsal fins’ height. In both cases, P. clavata had higher values (Table V). For the 
variable first dorsal fin base, there was a significant interaction between species and sex. This 
is because for P. pectinata, males had a longer first dorsal fin base, while the opposite was 
observed for P. clavata (Table V). 
P. clavata and P. pectinata have a similar rostrum, difficult to be distinguished by the 
naked eye. CVA analyses of rostrum data (based on 6 variables) revealed an almost complete 
overlap of P. clavata and P. pectinata specimens’ projections (Fig. 5). ANCOVA detected 
difference between these two species on the distance between the two posteriormost left-side 
rostral teeth (ITP2). This intertooth space was smaller in P. clavata (Table V). This is a 
potentially useful character for species identification. 
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These two species also differed in both left and right number of rostral teeth. In both 
cases P. clavata had smaller number of rostral teeth (Table V). 
 Morphometric comparison to other smalltooth (2): P. clavata and P. zijsron.  P. 
zijsron have a longer rostrum in comparison to P. clavata (these species differed on RTL by 
ANCOVA). This may have caused them to differ significantly for distance between rostrum 
tip and head anatomical landmarks as eye and nostrils, in which P. zijsron had larger values 
relatively to specimen’s total length. These two species also differed by the distance between 
the rostrum tip and origin of pectoral, pelvic and dorsal fins, also with higher values for P. 
zijsron (Table VI). However, it may not be adequate to associate these last three cases to 
differences in rostrum length alone because this may have been caused by differences in the 
relative position of anatomical landmarks. For example, the origin of the first dorsal fin in 
relation to the origin of pelvic fins is posterior in P. zijsron in relation to P. clavata (see 
diagnosis). 
 Two other measurements differed statistically by ANCOVA and are potentially of 
diagnostic importance. The height of the first dorsal fin of P. clavata is proportionally longer. 
For rostrum, the space between the two posteriormost rostral teeth is wider in P. zijsron 
(Table VII). In addition, rostrum differences between these two species were also detected by 
MANCOVA (Table VIII). P. clavata had greater least square mean values for the two 
measures associated to rostrum width (RWA and RWP), suggesting this species to have a 
relatively wider saw. For teeth spacing, the MANCOVA values corroborated ANCOVA 
results. P. clavata had greater least square mean value for spacing of anterior rostrum teeth 
(ITA2), but P. zijsron had greater value for spacing of the posteriormost rostrum teeth 
(ITP1). 
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 P. clavata and P. zijsron differed significantly by ANCOVA for several other 
measurements (Table VI). However, it is not clear whether these represent real species 
differences. These could also be simply artifacts since the difference between these two 
species in the relative position of the posteriormost rostral teeth could have been a 
confounding factor in the analyses. 
Nomenclatural discussion.  Garman described this species in 1906, but it was first 
noted in Duméril 1865. Duméril mentioned this specimen as a possible new species, in which 
he would call it brevirostris, but did not formally describe it. Kailola (1987) mistakenly 
considered P. clavata a synonymy to P. zijsron. Australian specimens of this species were 
described in detail in Ishirara et al. (1991), which considered it a valid species. 
Etymology.  From Latin "clavata", meaning furnished with nails, from "clavus" 
meaning "nail". 
 Material examined. See Table VII. 
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Pristis pectinata Latham, 1794 
(Fig. 6; Table VIII) 
 
Pristis acutirostris Duméril, 1865 
Pristis pectinatus Latham, 1794 
Pristobatus granulosa Bloch & Schneider, 1801 
? Pristis megalodon Dumeril, 1865 
Pristis woermanni Fischer, 1884 
 
 Diagnosis.  The origin of first dorsal fin is above origin of pelvic fin. The relative 
position of these anatomical landmarks apparently does not change with growth. The lower 
lobe of caudal fin is absent in juveniles, but it develops gradually with age. Rostral teeth 
ranging from 20 to 30. 
 Description. Rostrum bearing 20 to 30 rostral teeth. Rostral teeth with posterior 
groove in adults, present on basal quarter of saw. Rostral teeth slightly, but noticeably, more 
spaced distally. Skin uniformly covered with scales. First dorsal fin origin above origin of 
pelvic fin. Caudal fin lower lobe absent in juveniles but distinct in adults. 
The largest examined specimens were two females. One specimen was 4,170 mm in 
total length (BMNH 1876.5.24.35) from San Fernando, Trinidad. The second one was 3,760 
mm in total length (MNHN 0000-9859) from an unknown locality. This species is reported to 
attain more than 7,000 mm in total length (Last & Stevens, 1994). 
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 Sexual dimorphism.  Comparisons were based on juvenile and adult females but for 
males, adult specimens were lacking. Both genders notably miss specimens with intermediate 
phase of maturation. Despite these limitations, males and females differed significantly 
(ANCOVA) in fourteen measurements. For all cases, males had relatively higher least square 
means. Males and females differed for the two width measurements of the rostrum. The 
difference of length of dorsal fin base can also be visualized by plotting this variable and 
RSL (the size co-variate). Males had higher values, or longer dorsal fin base length. Males 
and females differed for the second dorsal fin inner margin, with males having relatively 
longer lengths. Nevertheless, accuracy may be a problem for this variable and this result may 
also be viewed with caution (Table IX). 
Males had longer spiracle length in relation to females. However, sampling of males 
included a very restricted length range and additional male specimens would be required for 
further testing of sexual dimorphism for this variable. There was also difference for 
measurements involving the distance from rostrum tip (RT) to anatomical landmarks. These 
were RT to spiracle, to first and fifth gill slit, taking size (RSL) into account (Table IX). 
Besides differing by gender, for a sub-set of these variables there was also a 
significant interaction between sex and size. This means that there were allometric changes 
influencing the gender difference at some level. These were distance between the eyes, 
mouth width, nostril length, pectoral fin anterior margin, pectoral fin inner margin, first 
dorsal fin inner margin, rostral width between second anteriormost pair of rostral teeth, and 
the rostral width between posteriormost pair of rostral teeth (Table IX). Nevertheless, these 
results may be an artifact. For both males and females, the juvenile phase may be 
characterized of a direct increase in body morphometrics with body size. However, the few 
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data available for adult females suggest a plateau may be reached with increase in size. Since 
no adult male was included in the analyses, the male curve was characterized by the rapid 
increase phase only. 
Distribution (see also material examined).  Tropical (and subtropical) coasts of the 
Atlantic. East Atlantic: Mediterranean (?), South France (?), Gibraltar strait (?), Canary 
Islands, Mauritania, Senegal, Guinea-Bissau, Cameroon, Gabon, Congo, and Angola. West 
Atlantic: Bermuda, USA, Mexico, Belize, Nicaragua, Bahamas, Cuba, Jamaica, Haiti, Porto 
Rico, Colombia, Venezuela, Curacao, Trinidad and Tobago, Guiana, Suriname, French 
Guiana, Brazil, and Argentina (Mar del Plata). 
Locality information associated to P. pectinata museum specimens were labeled as 
captured on both coasts of the tropical Atlantic Ocean and on the Eastern Pacific coast. The 
observed range is in contrast to literature accounts that describe the species as circumglobally 
distributed. Evidence shows that P. pectinata distribution is restricted to Atlantic waters. Its 
presence in both Atlantic margins is well documented by specimens. 
Confusion about the presence of P. pectinata in the Indo-West Pacific may be a 
product of misidentification of P. zijsron or possibly of a widespread P. clavata. Pristis 
pectinata was the first smalltooth species described. More than a hundred years was 
necessary to have all three smalltooth described. This meant that for a long period, the best 
identification for any smalltooth collected in the Indo-West Pacific was P. pectinata. The 
inclusion of P. pectinata in the Indo-West Pacific fauna is likely the result of taxonomic 
confusion.  
Evidence indicates that the presence of P. pectinata along the Eastern Pacific coast is 
a mistake. The inclusion of P. pectinata in the Eastern Pacific fauna is likely to have been 
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based on trade of isolated saws or complete specimens brought in from the West Atlantic 
(Robertson et al., 2004). Misidentification of largetooth specimens as P. pectinata was also 
observed in museum collections, and may have also contributed to the confusion. Among all 
collections visited, the only specimen lot positively identified as P. pectinata and cited for 
the Eastern Pacific coast is deposited in YPM collection. These specimens were collected 
during the PAWNEE II expedition to the Eastern Pacific coast (Breder Jr, 1926). However, 
there is no locality associated to the P. pectinata specimens, differing from most other 
specimens. Also, sampling was done in the Caribbean before crossing the Panama Canal. It is 
likely that P. pectinata was collected in the Atlantic and mistakenly stored with the Eastern 
Pacific elasmobranch specimens. 
Comparison to other smalltooth species (1): P. pectinata and P. zijsron.  P. zijsron 
has a longer rostrum (RTL) in comparison to P. pectinata (significant difference indicated by 
ANCOVA, Table X). These two species differed by the distance between rostrum tip to eyes, 
nostrils, first and fifth gills (Table X). In all cases, P. zijsron had longer distances. As in the 
case of P. clavata, longer rostrum may have been the cause of the differences of at least 
rostrum tip to eyes and nostrils. 
Among fin measurements that differed significantly between these two species by 
ANCOVA, the most noticeable ones were height and base of the first dorsal, with higher 
values for P. pectinata (Table X). 
In terms of rostrum measurements, the most prominent differences are both the 
anterior and posterior teeth spacing. The former is wider and the later is shorter for P. 
pectinata. In many cases this pattern is striking to the naked eye and can be of important 
diagnostic value. However, there is considerable amount of variation due to influence of at 
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least gender (detected for the anterior space) and geography (see chapter 4), among other 
forces, may difficult the use of these measurements in some cases. Other significant 
differences associated to rostrum were rostrum width at both the anterior and the posterior 
regions. In both cases, P. pectinata had a wider rostrum (Table X). 
These two species also differed significantly in several other measurements, however, 
as discussed above for comparison between P. clavata and P. zijsron, this should be viewed 
with caution because there may be artifacts caused by the use of RSL as size covariate since 
these due species also differ in the relative position of the posteriormost rostral teeth, as in 
the case of the comparison between P. clavata and P. zijsron. 
 Comparison to other smalltooth species (2): P. pectinata and P. clavata.  See P. 
clavata’s account (Table V). 
 Nomenclatural discussion.  The original description of P. pectinata is based solely 
on an isolated saw and no information on distribution range is provided besides occurrence in 
marine environments (Latham, 1794). The description states a rostral tooth range of 25 to 34 
and includes the drawing of an isolated rostrum. This range is too wide for P. pectinata. The 
depicted saw has 31 teeth on each side, which is higher than maximum observed for P. 
pectinata. Other features suggest it in fact depicts a P. zijsron. Nevertheless, for reason, the 
name gained acceptance for the Atlantic morphotype. The most conservative attitude to be 
taken is to keep this name for the Atlantic smalltooth, morphotype C. 
 Etymology.  Pectinata, Latin:  pectinatus, ‘comb-like, comb-toothed’. 
Material examined.  See Table XI. 
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Pristis zijsron (Bleeker, 1851) 
(Fig. 7; Tab. XII) 
 
Pristis zysron Bleeker, 1851b 
Pristis dubius Bleeker, 1852a 
Pristis leptodon Duméril 1865 
 
 Diagnosis.  The main diagnostic character of this species for all ages is the widely 
spaced rostral teeth (24-34) on the basal quarter of the saw. In adults, rostral teeth on the 
anterior region of the saw are noticeably closer, straight, and long. Towards the basal portion 
of the rostrum, rostral teeth become shorter, more spaced and angled (pointing backwards). 
West Pacific specimens had lower rostral tooth counts and therefore this spacing pattern is 
more striking. The length of the saw is large in relation to body size. 
 In juveniles, dermal scales are noticeably (with naked eye) larger along the entire 
dorsal region. The posterior margin of the caudal fin is convex. First dorsal fin is located well 
behind origin of pelvic fin. Based on the few adults examined, these three characters change 
with growth. No difference in the squamation pattern was observed. First dorsal fin position 
varying between slightly behind to practically over origin of the pelvic fins. Caudal fin 
develops small lower lobe. 
Description.  Based on a mounted female, 1565 mm in total length, from Somalia, 
East Africa (MNHN 1901-492). Rostrum bearing 30 rostral teeth on each side. Rostral teeth 
present on the basal quarter of the saw, noticeably closer to each other toward the tip of the 
rostrum. Skin uniformly covered with denticles. Dorsal fins pointed, only slightly behind 
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pelvic fin origin. Caudal fin lower lobe absent in this specimen (immature), posterior margin 
almost straight. 
 The largest specimen examined in this study was 3,416 mm in total length, unknown 
locality (RMNH uncatalogued). A recent study reported maximum size in Australian waters 
as around 5,500 mm (Peverell, 2005). Last & Steven (1994) reported maximum size of 7,600 
mm, with young born at about 600 mm. 
 Sexual dimorphism.  Males and females differed significantly (ANCOVA) for first 
dorsal fin height and rostrum total length. In both cases, males had higher values although the 
first variable had a much grater difference between sexes in comparison to RTL. This can 
also be observed by plotting each of these variables with the size covariate RSL (Table XIII). 
 Distribution (see also material examined).  Indo-West Pacific Ocean. This species 
has been considered distributed in the tropical Indo-West Pacific from eastern Australia and 
Papua New Guinea through western India with a disjunct population off Mozambique and 
eastern South Africa (Last & Stevens, 1994). However, P. zijsron specimens examined were 
distributed throughout most of the Indo-West Pacific, including areas in which it was 
previously considered absent by Last & Stevens (1994): Somalia, Red Sea, Gulf of Aden, 
Iraq, and Persian Gulf and Tasman Sea. No specimen from West India or Bay of Bengal 
waters was found. 
Comparison to other smalltooth species.  See P. clavata and P. pectinata’s account. 
Nomenclatural discussion.  The early taxonomical history of this species was 
confusing due to Bleeker’s indecision regarding the use of P. zijsron, P. zysron, and P. 
dubius. The historical background is the discussed above in the historical account section and 
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in details in Oijen et al. (2007). Nomenclatural consequences of Bleeker’s inconsistent 
spelling are discussed below in the etymology section 
Etymology.  The linguistic origin of the word “zijsron” is obscure. Bleeker employed 
this descriptor to name a total of four fish species (three teleosts and one elasmobranch) over 
a period of 26 years (Bleeker 1851b, 1856b, 1865b, 1877). The descriptions for the three 
teleost species named by Bleeker using the word zysron make it clear that, whatever its 
origin, zysron means “saw.” Bleeker’s description for Dentex zysron, currently Nemipterus 
zysron (Bleeker 1856b), states: “I have derived the specific name [zysron] from the saw-like 
form of the lower pre-operculum” (Bleeker 1856b:220, in Dutch). Similarly, Puntius 
proctozysron, currently Puntioplites proctozysron (Bleeker 1865), was so named due to its 
toothed anal spine (thus procto-[anal] + zysron [saw?]) (Bleeker 1865). Regarding 
Pomacentrus azysron, Bleeker named this species based on an absence of anatomical 
serrations (thus a-zysron, employing the Greek negative prefix a-):  
 
[in] azysron, the denticulations on the edge of the pre-operculum are extremely fine 
and almost imperceptible (Bleeker 1877, p 51, in French). 
 
One complicating factor in analyzing the etymology of the specific name zijsron is 
that Bleeker was very inconsistent in the spelling of this word. Bleeker switched from the IJ 
form to the Y version, even in the same article. Bleeker’s propensity to use IJ and Y 
interchangeably is demonstrated in the first published article naming this sawfish species 
(Bleeker 1851b). Here, Bleeker commonly uses the two forms interchangeably: Sijnaptura, p. 
416, Synaptura, p. 421; trachijcephalus, p. 416, trachycephalus, p. 421; Cijprinoïdei, p. 431, 
Cyprinoïde(i), p. 432; zijsron, p. 416, zysron, p. 418. 
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This perplexing spelling inconsistency can be explained by examining the historical 
usage of the Dutch vowel IJ. IJ is a single letter in Dutch spelling called lange ij (“long ij”), 
currently representing the diphthong εi (like the “ay” in the English word lay) (Cohen 
1997:25). In handwriting or on painted signs this IJ symbol2 is depicted as an umlaut-Y: Ÿ. 
The IJ/ Ÿ is distinct from the Griekse Y (Greek Y), a plain “Y” used only in loanwords 
(Wikipedia, 2007). When typed, because standard QWERTY keyboards do not have an 
umlaut-Y, the lange ij is represented by “ij,” as this combination approximates a “y” with 
two dots above it. The Griekse Y is also called the ij zonder puntjes, or “dotless ij” (Cohen 
1997: 26). 
As demonstrated in the examples from Bleeker 1851b above, Bleeker often 
(incorrectly) used the lange IJ and the Griekse Y interchangeably for taxonomic names. As 
these species designations were largely derived from Latin and Greek, the Greek-Y should 
have been used where any non-Dutch word was employed. For words obviously derived 
from Greek or Latin roots, Bleeker’s use of the Dutch IJ was corrected by subsequent authors 
to create a valid species name. For instance, in 1851 Bleeker named a species of bony fish 
Plagusia melanorhijnchus (Bleeker 1851a), again using both the IJ and the Greek-Y 
interchangeably in the article. As the Greek root rhynchus is well recognized, the IJ was 
deemed a misspelling and subsequently corrected to Y. This did not happen for the specific 
designation zijsron, despite identical circumstances, because the origin of the word “zysron” 
                                                          
2 Cohen (1997) states that it is unsettled whether IJ is a single letter, a digraph, or a ligature. Technically, IJ 
appears to be a single letter, as it represents a single sound and cannot be broken-out into an I and a J.  IJ is 
always capitalized as a unit (IJ), when letter-spaced IJ is never broken into two letters (e.g.: z-ij-n), IJ is never 
separated at end-of-line divisions, and IJ is a single tile in the board-game Scrabble® (Cohen: 25-26).  In 
contrast, a digraph is a combination of two letters that represent a single sound (like the English “ph”), but 
digraphs generally may be split into individual letters. A ligature is a combination of two letters physically 
joined into a single merged symbol, such as the Latin: æ. 
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remains obscure. The same unfamiliarity may have led to the retention of the IJ in Myliobatis 
tobijei, a species of eagle-ray. Here, unfamiliarity with the Japanese terms tobi (hawk) and ei 
(stingray) led to the retention of the incorrect Dutch IJ in place of the Japanese long i.  
Bleeker’s use of the specific name zysron makes sense for a sawfish, as zysron refers 
to its saw-toothed rostrum. However, it remains unclear what the etymology of this term is. 
Bleeker rarely used languages other than Greek and Latin when creating descriptive species 
names. The term is certainly not of Dutch or Indonesian3 origin. The use of the Griekse-Y and 
the –on suffix imply a Greek origin (-on is a neuter suffix). However, the authors have been 
unable to locate a Classical Greek word zusr-4 meaning “saw” or referring to serrations. In 
any event, it is apparent that the term zysron is foreign (non-Dutch), and definitely means 
“saw” or “serrated,” and thus should use the Greek-Y and not the Dutch IJ. Bleeker himself 
consistently used the Y-form “zysron” when naming the three teleost fish species with this 
descriptor, following his usage of the IJ-form in naming Pristis zijsron. 
Article 32 of the International Code of Zoological Nomenclature (ICZN) provides 
guidance on when original spellings of species names must be corrected. The “original 
spelling” is the spelling used in the work which established the taxon name (ICZN Art. 32.1). 
Original spellings should be preserved (even where they were incorrectly transliterated into 
Latin) except where it is mandatory to change them as “incorrect original spellings” (ICZN 
Art. 32). Original spellings are deemed “incorrect” where (1) the name employs non-Latin 
characters (see: Art. 11.2), or (2) the name employs a diacritic mark (ICZN Art. 32.5). 
Here, Bleeker’s original spelling was clearly “zijsron” (Bleeker 1851b: 442). 
However, Bleeker also used the spelling “zysron” in the same work (Bleeker 1851b: 421). 
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Here, the plain Y form is a “justified emendation” by the original author, as both names 
appear in the original work (Art. 33.2). In addition, the use of the IJ in the original spelling 
qualifies as an “incorrect original spelling” as it is a non-Latin character and it employs a 
diacritic (the umlaut): “in the case of a diacritic..., the mark concerned is deleted” (Art. 
32.5.2). Based on these rules, the zysron spelling should replace the incorrect zijsron form. 
One caveat could retain the incorrect “zijsron” form, however. If the incorrect 
spelling is deemed “in prevailing usage,” the original incorrect spelling may be preserved for 
sake of stability of taxonomic nomenclature (Art. 33.3.1). Authors are encouraged by the 
Commission to act in the interest of preserving established names, and “in most cases an 
author will be required to maintain the particular spelling in prevailing usage for a name, 
even if it is found not to be the [correct] original spelling” (ICZN: XXVIII). Therefore, P. 
zijsron may be maintained. Another reason for keeping the spelling “zijsron” as oppose to 
changing it to “zysron” is that Bleeker used the later name to mistakenly describe a P. 
microdon specimen as a new sawfish species (see review in Oijen et al. 2007). A formal 
proposal for maintenance of P. zijsron is in preparation to be submitted to the International 
Commission of Zoological Nomenclature. 
Material examined.  See Table XIV. 
 
 
 
 
 
                                                                                                                                                                                    
3 The holotype of Pristis zijsron was captured in the province of Kalimantan, Indonesia. 
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 Delimiting species within the largetooth group 
 No complete specimen examined resembled the features of morphotype A (Garman’s 
P. pristis) (Table I.). At the collections, only isolated rostra from the West Africa coast and, 
presumably, Mediterranean Sea, were labeled as P. pristis. This identification was not based 
on morphological characters but on locality information only. Largetooth morphotype A and 
B can be distinguished by body characters but not based on rostrum features only (Table I). 
 Morphotype B specimens were found. This morphotype is distributed 
circumtropically. Although Garman (1913) classified this morphotype as a single species, P. 
microdon (having P. perotteti as synonymy), Compagno (1999) classified it into two species, 
P. microdon and P. perotteti. Despite Compagnos’s classification, there is no known 
morphological character to differentiate these species (they are usually identified based on 
locality information associated to specimens e.g. P. microdon occurs in the Indo-Pacific, 
while P. perotteti in the Atlantic). Based on eye examination of specimens at the collections, 
no morphological character that could be considered diagnostic of these species was found. 
Since no morphotype A specimen was found, only samples of morphotype B were 
sequenced and submitted to phylogenetic analyses. A dataset composed of 144 bases of the 
ND2 gene of 15 morphotype B specimens and two specimens of A. cuspidata as outgroup 
species was obtained. One single tree was obtained and the topology was robust to 
resampling analyses, although bootstrap support values were low (between 50 and 57). Two 
clades were obtained (Fig. 8a). The Eastern Pacific specimen was placed basal to other 
largetooth sawfishes. Within the major clade, there was an Atlantic clade, with unresolved 
relationships for Indo-West Pacific specimens (Fig. 8a). 
                                                                                                                                                                                    
4 The letter upsilon (ύ) is usually transliterated into English as “u,” and less often as “y.” 
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Additional sequences for these same 15 morphotype B specimens were obtained. In 
total, any given specimens reached a maximum of 603 bases of the ND2 gene. Not all 
specimens included in the analyses were successfully sequenced for all of the 603 bases 
(some specimens missed data). This was due to technical difficulties associated to 
amplification and sequence of tissue samples of museum samples. 
Of the 603 characters, 583 were constant, 9 were parsimony uninformative, and 11 
were parsimony informative. Due to missing data, the number of possible trees reached 
maximum allowed by settings and 100 most parsimonious trees were retained. The topology 
obtained after resampling analysis recovered two basal nodes delimiting three clades 
(bootstrap values between 83 and 88). The first clade was composed by the only East Pacific 
specimen included in the analysis. This specimen was basal to other largetooth. Remaining 
specimens were further grouped into two clades. One clade was composed by Atlantic 
specimens, including a sub-structuring of West Atlantic specimens. The other clade was 
composed of Indo-West Pacific specimens, including a sub-structuring of Australian 
specimens (Fig. 8b). The combination of exclusive clades and concordant geography suggest 
morphotype B is composed of three species: an East Pacific, Atlantic, and Indo-Pacific 
largetooth. The last two species are current considered valid taxa. However, the East Pacific 
largetooth has usually been considered to be a population belonging to either one of them. 
The obtained results disagree with this and suggest the East pacific sawfish may be 
considered a species. 
Based on the 603 bases database, the East Pacific specimen differed from its Atlantic 
counterpart specimens by nine substitutions (e.g. eight T /C, and one G/A) and from its Indo-
West Pacific counterpart by 10 substitutions (e.g. eight T/C, one C/G, and one G/A). Atlantic 
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and Indo-West Pacific largetooth differed by four substitutions (e.g. two T/C, one C/G, and 
one A/G). 
The uncorrected genetic distances between members of the largetooth clade (three 
comparisons) for this partial ND2 fragment varied between 1.90 and 2.60%. For this same 
fragment, the genetic distance between other pairs of closely related elasmobranch species 
varied between 0.90 and 2.00% (Table XV). Therefore, distances between largetooth species 
for this region were equal or greater than other pairs. Comparisons to other genes were 
limited to the Atlantic and Indo-West Pacific largetooth. With the exception of the Cyt b 
gene, values for genetic distance between these two largetooth taxa were equal or superior to 
the other pairs of closely related species (Table XV). Even though genetic distance may not 
be useful for species delimitation, the level of divergence between largetooth putative species 
may therefore be comparable to the level of divergence of other closely related 
elasmobranches considered to be valid and distinct taxa. 
Multivariate analyses of morphmetric and rostral tooth count data corroborated the 
overall pattern of lack of definite characters to distinguish the largetooth morphotype B 
putative species. CVA plots based on both complete specimens and rostrum only revealed a 
complete overlap of the projections of putative largetooth species’ specimens (Fig. 3 and 5). 
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Pristis microdon (Latham, 1794) 
(Fig. 9; Table XVI) 
 
Pristiopsis leichhardti Whitley, 1945 
 
 Diagnosis. The rostral tooth count per side ranges from 14 to 22 rostral tooth. The 
space between the two posteriormost rostral teeth is between 4.4 and 7.9 % of rostrum 
standard length. The eye horizontal length is between 6.4 and 8.0% of rostrum standard 
length. The first dorsal-fin origin is anterior to pelvic-fin origin. The lower lobe of the caudal 
fin is distinct at all stages of maturation. 
 Description. The rostrum is robust, with proportion of rostrum width between the 
second anteriormost pair of rostral teeth and rostrum standard length (RSL) varying from 9 
and 12.7, while the proportion of rostrum width between the posteriormost pair of rostral 
teeth and RSL varied from 15.8 and 22.2 (based on 50 specimens). The rostral teeth are 
oblique to rostrum mid-axis. The origin of the first dorsal-fin is well forward the origin of the 
pelvic fin (end of first dorsal fin base over half of the pelvic fin base). The lower lobe of the 
caudal fin is distinct at all stages of maturation, with proportion of the lower lobe in relation 
to the upper lobe of caudal fin varying from 46.7 to 57.5 (based on 4 specimens). 
 The largest examined specimen was a female from Lake Santani, Papua New Guinea, 
with total length of 3,052 mm (RMNH 28609). Recent study has reported a specimen with 
total length of 6,000 mm in Australian waters (Peverell, 2005). Last & Stevens (1994) 
mentioned maximum length of 7,000 mm outside Australian waters. In this study, one 
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unidentified largetooth female was 5,790 mm in total length (BMNH, uncatalogued, 
unknown locality). 
 Sexual dimorphism.  Males and females differed significantly (ANCOVA) for left-
side number of rostral teeth. Males had a superior number of teeth in average. They also 
differed by the distance between the two posteriormost left side rostral teeth (ITP). The 
intertooth space of females was larger than males. This may be due of a smaller number of 
rostral teeth in females (Table XVII). 
Distribution (see also material examined).  Indo-West Pacific Ocean. Based on 
locality information associated to examined material, this species is distributed in the tropical 
Indo-West Pacific from northern Australia and Papua New Guinea through Pakistan with a 
disjunct population off Madagascar and the coast of East Africa. This distribution range 
closely follows Last & Stevens (1994), differing by the inclusion of Tanzania (extending area 
of occurrence in East Africa) and Pakistan (extending area of occurrence in the Indian 
Ocean). 
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 Morphometric comparison to other largetooth (1) P. microdon and P. zephyreus.  
Rostrum measurements and rostral tooth counts were the primary kind of data available for 
comparisons between P. microdon and P. zephyreus. These species differ significantly for 
both left and right tooth counts. P. zephyreus had higher range. For rostrum morphometrics, 
they differ for the posterior lateral intertooth distance (measurement 67 in Fig 1b). This space 
was smaller for P. zephyreus (probably not by coincidence, the species with greater number 
of rostral teeth) (Table XVIII). In addition to the species difference, variation in these three 
variables was also influenced by gender, as for both species, males had relatively higher 
number of rostral teeth. 
One additional rostrum morphometric difference was the width of the rostrum 
between the second anteriormost pair of left-right rostral teeth (measurement number 57 in 
Fig. 1b). This rostrum width was wider in P. zephyreus. Although this may be real (can be 
visually identified by plotting this width over specimen’s total length), it may not be useful 
for species identification. 
Other variables to also differ significantly include the distance between nostrils and 
the length of the caudal fin lower lobe. However, this is may be artifacts because for both 
measurements sample sizes were very low and there were outliers. 
Morphometric comparison to other largetooth (2) P. microdon and P. perotteti.  
Data was too scarce for most variables for these species, hindering taxa comparisons. Based 
on these few data available, P. microdon and P. perotteti differed by the eye length, with P. 
microdon having higher values. Visual inspection of eye length values by specimen total 
length suggests this pattern to be true (Table XIX). 
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These two species also differed significantly by first dorsal fin height. However, this 
statistical difference maybe an artifact since sample size was small (n = 3 and 4 for P. 
microdon and P. perotteti, respectively) and data was sparse, including P. perotteti outlier 
specimens (Table XIX). 
Nomenclatural discussion.  Latham’s description of a largetooth specimen did not 
specify geographical origin. However, this name became well established for the Western 
Pacific largetooth form. It has been consistently being applied for largetooth specimens from 
this geographical region since the 19th century. 
 Etymology.  microdon [Greek: mikros, ‘small’ + odon ‘tooth’] 
Being a sawfish of the largetooth group, P. microdon (literally “small tooth”) features 
oral and rostral teeth proportionally larger than species of other sawfish groups (smalltooth 
and knifetooth). This paradox is due to an error made by J. Latham (1794). When examining 
a juvenile largetooth sawfish, Latham mistook the partially erupted rostral teeth of a near-
term embryo as a diagnostic feature of a new species. 
Material examined.  See Table XX. 
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Pristis perotteti Müller & Henle, 1841 
(Fig. 10; Table XXI) 
 
P. perrotteti misspelling in Gunther (1870) 
P. pristis in Carvalho & McEachran (2003) 
 
 Diagnosis. The rostral tooth count per side ranges from 14 to 22. The space between 
the two posteriormost rostral teeth is between 4.5 and 8.5 % of rostrum standard length. The 
eye horizontal length is between 5.1 and 6.7% of rostrum standard length. The first dorsal-fin 
origin is anterior to pelvic-fin origin. The lower lobe of the caudal fin is distinct at all stages 
of maturation. 
 Description.  The rostrum is robust, with proportion of rostrum width between the 
second anteriormost pair of rostral teeth and rostrum standard length (RSL) varying from 8.1 
and 12.2 (based on 158 specimens), while the proportion of rostrum width between the 
posteriormost pair of rostral teeth and RSL varied from 16.3 and 22.5 (based on 164 
specimens). The rostral teeth are oblique to rostrum mid-axis. The origin of the first dorsal-
fin is well forward the origin of the pelvic fin (end of first dorsal fin base over half of the 
pelvic fin base). The lower lobe of the caudal fin is distinct at all stages of maturation, with 
proportion of the lower lobe in relation to the upper lobe of caudal fin varying from 46.8 to 
64 (based on 6 specimens). 
 The largest specimen examined was a 5,100 mm female (MNHN 1902-255), from 
Ivory Coast. A recent capture of a female with 7,000 mm in total length in northern Brazilian 
waters has been reported (Almeida, 1999). 
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Sexual dimorphism.  No sexual dimorphism was detected by ANCOVA analyses 
including 10 females and three males. 
Distribution (see also material examined).  Both coasts of tropical Atlantic Ocean. 
East Atlantic: Senegal, Gambia, Sierra Leone, Liberia, Ivory Coast, Congo, Democratic 
Republic of Congo, and Angola. West Atlantic: USA (Texas, Louisiana, and occasionally 
South Florida), Mexico, Belize, Guatemala, Honduras, Nicaragua, Costa Rica, Colombia, 
Venezuela, Caribbean Sea, Guiana, Suriname, French Guiana, and Brazil. 
Morphometric comparison to other largetooth (1) P. perotteti and P. zephyreus.  
Results obtained were similar to the ones obtained for the comparison between P. microdon 
and P. zephyreus (see P. microdon section). P. perotteti and P. zephyreus differed 
significantly for both left and right tooth counts. P. zephyreus had higher counts. For rostrum 
morphometrics, the posterior lateral intertooth distance (measurement 67 in Fig 1b) was 
smaller for P. zephyreus (the species with greater number of rostral teeth) (Table XXII). 
Other measurements to differ include four fin measurements, however these are 
impacted by outliers (Table XXI). 
 Morphometric comparison to other largetooth (2) P. perotteti and P. microdon.  See 
under P. microdon. 
 Nomenclatural discussion. P. perotteti is a very well established name for this taxon, 
the Atlantic largetooth. Recently, however, some authors have considered this species as P. 
pristis. Among the nominal species used for largetooth species in the recent decades, P. 
pristis L. is the oldest. However, we have showed evidence that P. pristis is in reality a 
composite. It is usual to designate an old name to a valid taxon, even if its original 
description is not diagnostic. This is usually done in situations where the name in question 
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has been historically associated to the taxon in question. However, the historical use of this 
nominal species has been the source of much confusion. In fact, for most of sawfish 
taxonomic history time (since Muller & Henle [1841]) P. pristis has been associated to a 
chimaeric a form not existent in nature. A formal proposal to have P. pristis suppressed or 
declared invalid by action of the International Commission of Zoological Nomenclature is 
currently in preparation for submission. 
Etymology.  perotteti [Perrottet, name of collector of holotype specimen in Senegal + 
possessive Latin suffix, -i]. 
Material examined.  See Table XXIII. 
 
 
 
Pristis zephyreus Jordan & Starks, 1895 
(Fig. 11; Tab. XXIV) 
 
Pristis zephyreus Jordan & Starks, 1895 
P. perotteti in Bigelow & Schroeder (1953) 
P. pristis in McEachran & Notarbartolo di Sciara (1995) 
 
 Diagnosis.  The rostral tooth count per side ranges from 15 to 23. The space between 
the two posteriormost rostral teeth is between 4.5 and 6.7 % of rostrum standard length. The 
first dorsal-fin origin is anterior to pelvic-fin origin. The lower lobe of the caudal fin is 
distinct at all stages of maturation. 
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Description.  The rostrum is robust, with proportion of rostrum width between the 
second anteriormost pair of rostral teeth and rostrum standard length (RSL) varying from 9.6 
and 13.1 (based on 35 specimens), while the proportion of rostrum width between the 
posteriormost pair of rostral teeth and RSL varied from 17.6 and 22.0 (based on 35 
specimens). The rostral teeth are oblique to rostrum mid-axis. The origin of the first dorsal-
fin is well forward the origin of the pelvic fin (end of first dorsal fin base over half of the 
pelvic fin base). The lower lobe of the caudal fin is distinct at all stages of maturation, with 
proportion of the lower lobe in relation to the upper lobe of caudal fin varying from 44.8 to 
67.6 (based on 8 specimens). 
 Complete specimens examined comprised embryos and juveniles. Maximum total 
length recorded was 940 mm (FMNH 8192) for a female from Rio Tuyra, Darien, Panama. 
Maximum total length reported as 6,000 mm in Robertson & Allen (2002) and 4,500 mm in 
McEachran & Notarbartolo di Sciara (1995). 
Sexual dimorphism.  Males and females differed significantly in number of left and 
right rostral teeth (ANCOVA). In both cases males had a higher average number of rostral 
teeth (Table XXV). 
Males and females also differed significantly for the distance between the two 
posteriormost teeth on the left side of the rostrum (ITP). Females had higher values. It is 
interesting to note that this difference in rostral teeth spacing is probably a direct 
consequence of the difference in number of rostral teeth between sexes. In this case, as males 
have a higher number of rostral teeth, they may have less spacing between them in 
comparison to females. 
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 P. zephyreus males and females differed for total length. Females had a longer total 
length (TL) value for a given rostrum standard length (RSL). In other words, females had a 
shorter RSL in comparison to males of the same TL. Other variables to also differ 
significantly (pectoral fin inner margin and 1st dorsal fin height) included only four 
specimens I the analyses (three females and one male) (Table XXV). 
Distribution (see also material examined).  Gulf of California (southern Mexico) to 
northern Peru (Robertson & Allen, 2002, McEachran & Notarbartolo di Sciara, 1995). Type 
locality: Rio Presidio, Sinaloa, Mexico (Holotype: CAS-SU 12670, isolated rostrum). 
Morphometric comparison to other largetooth.  See P. microdon and P. perotteti’s 
account. 
 Nomenclatural discussion.  Distinguished originally in the late 19th century primarily 
for biogeographical reasons, but synonymized to P. perotteti, P. microdon, or P. pristis by 
subsequent authors (Bigelow & Schroeder, 1953; Paxton et al, 1989; Stehmann 1990; Allen 
& Robertson, 1994 (P. zephyreus = P. perotteti); McEachran & Notarbartolo di Sciara, 1995; 
Bearez, 1996; Castro-Aguirre & Espinosa Perez 1996; Allen & Robertson, 2002). 
 Etymology.  zephyreus [Greek: zephurios, “of the West” or “West Wind”]. 
Presumably because it is a sawfish species distributed on the Western side of Central 
and South America. 
Material examined.  See Table XXVI. 
 
 
 
 
 72
Species Incertae Sedis 
 
Squalus pristis Linnaeus 1758 
Pristis antiquorum Latham, 1794 
Myriosteon higginsii Gray, 1864  
Pristis occa Dumeril, 1865 
Pristis annandalei Chaudhuri, 1908 
?Pristis megalodon Dumeril, 1865 
Pristis caniculata Bloch & Schneider, 1801 
Pristobatus antiquorum Blainville ,1816 
Pristis typica Poey, 1861 
 
Genus ANOXYPRISTIS (White & Moy-Thomas, 1941) 
Anoxypristis [Greek: an(a)- ‘back’ + oxy- ‘sharp’ + pristis- ‘sawfish’, akin to prion ‘saw’] 
The generic name presumably refers to a major morphological character separating 
this genus from Pristis, the presence of a sharp posterior edge on the rostral teeth, contrasting 
with the flattened, grooved posterior edge of rostral teeth of adult Pristis. 
 
Generic synonymy 
Oxypristis Hoffman, 1912. Type species Oxypristis cuspidatus Hoffman, 1912, preoccupied 
to designate a genus of insects. 
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Diagnosis.  Sawfish with rostral teeth absent of basal quarter of the saw. The number 
of rostral teeth per side varies between 16 and 33. Rostral teeth are arrow-like with sharp 
margins in young. In adults, rostral teeth are triangular with sharp margins. Dermal denticles 
are present on rostrum, head, anterior margin of fins, and only scattered throughout other 
parts of body. 
 
Species group 
Knifetooth group.  In knifetooth sawfishes, the rostrum is slender in all maturation 
ages (in some specimens it is slightly larger in the middle of its extension). Rostral teeth are 
flattened, without groove on posterior region. Rostral teeth relatively equally spaced but in 
some specimens irregularly spaced at the posterior region of the rostrum. Skin mostly naked 
throughout all ages. Dermal denticles cover extremities of all fins, part of the blade 
(especially on the sides), and the lateral region of the head. Dorsal fins with pointed apices 
and straight posterior margins. Caudal fin of lower lobe distinct. Posterior margin of caudal 
fin concave. 
 
Delimitating species within the knifetooth group 
Based on external morphology features, examined specimens seem to belong to one 
morphotype (Morphotype F, Table I). One isolated rostrum with unknown geographical 
origin was noticeably different by naked eye by having a relatively high rostral tooth count 
that made the intertooth space look unusually smaller (this will be referred below as 
morphotype “Fb”). 
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Amplification of the ND2 gene of museum and field specimen tissue samples, 
encompassing most of known geographical range of knifetooth sawfish yielded an 
unambiguous dataset composed of 144 base pairs of 10 specimens. Pristis pectinata and 
Pristis perotteti were used as outgroup species in phylogenetic analyses. Of the 144 
characters, 142 were constant and one of the two variable characters was parsimony 
informative. Two most parsimonious trees were obtained. The topology obtained after 
resampling analysis recovered a single knifetooth clade. Within this clade, the relationship 
between West Pacific specimens was unresolved while Indian Ocean (and one specimen with 
unknown locality - specimen “Fb”) formed a clade with low bootstrap support value (Fig. 
12). 
Although there was structuring of haplotypes, based on the obtained dataset, there 
was no deep separation or well supported nodes that would satisfy the phylogenetic species 
concept criteria were observed (Kullander, 1999, Wiens & Penkrot, 2002). The specimen 
with an unknown locality (“Fb”) was placed within the Indian Ocean clade. As will be 
discussed in Chapter 4, Indian Ocean knifetooth sawfish specimens have a relatively higher 
number of rostral teeth in comparison to West Pacific specimens. Therefore, it is possible 
that the “Fb” specimen was collected in the Indian Ocean and the presumably morphological 
difference may in fact simply represent geographical variation. In conclusion, obtained 
results support the classification of the knifetooth into one valid taxon, as in Dingerkus 
(1983) and Compagno (1999). Nevertheless, further research on DNA sequencing and 
morphology in this group is needed in order to test if further data would support corroborate 
this finding. 
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Anoxypristis cuspidata (Latham, 1794) 
(Fig. 13; Table XXVII) 
 
Pristis cuspidatus Latham, 1794 
Squalus semisaggittatus Shaw 1804 
Oxypristis cuspidatus Hoffman 1912 
Pristis cuspidata Dor, 1984 (misspelling) 
 
Diagnosis.  Distinctive characters are those of the genus. 
Description.  Descriptive characters are those of the genus. The largest specimen 
examined was a female from an unknown locality with 3,280 mm in total length (BMNH, 
uncatalogued). Reports from Australian waters indicate a maximum total length locally of 
3,500 mm (Last & Stevens, 1994, Peverell, 2005). According to Last & Stevens (1994), this 
species has been reported to attain 6,000 mm outside Australia. 
 Sexual dimorphism.  Males and females (n = 21 and 28, respectively) differed 
significantly for both left and right rostral tooth counts (ANCOVA, p = 0.0020 and p = 
0.0036, respectively). The number of rostral teeth was not associated to growth (RSL). Males 
had identical averages of 24.5 for both left and right rostral tooth counts. Females had 
smaller number of rorstral teeth, with average of 22.1 and 22.0 for left and right rostral tooth 
counts, respectively. 
 Males and females (n = 13 and 14, respectively) also differed significantly 
(ANCOVA, p= 0.0192) for rostrum width between posteriormost pair of rostral teeth (RWP). 
However, there was also significant interaction between sex and size (RSL) (ANCOVA, p 
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<.0001). RWP were relatively larger in males with RSL up to 160 mm, when this pattern was 
inverted. 
Distribution (see also material examined).  Northern Indian Ocean to West Pacific. 
Anoxypristis cuspidata specimens examined were distributed from the northern Indian Ocean 
(Persian Gulf) to west Pacific, from South China to Northern Australia. The observed range 
differs from literature information. Last & Stevens (1994) cited this species as distributed in 
the Red Sea. Possibly, this was the result of a prevailing mistake in the historical literature. 
Last & Stevens (1994) cited 34 as the maximum number of rostral teeth for this species. This 
number is considerably higher than the maximum observed in the present study (30). 
Coincidently, the highest rostral tooth count observed in this study was for P. zijsron in the 
Red Sea (34). For some reason, the Red Sea fauna has been particularly confusing for earlier 
authors that included P. pectinata and A. cuspidata in their fauna, excluding P. zijsron. 
Nomenclatural discussion.  The use of the nominal species A. cuspidata for the 
knifetooth sawfish has been consistent through the past century. Earlier identification of 
juveniles as semisagittatus is displaced. 
Etymology.  cuspidata Latin: cuspidatus, ‘point-having, pointed’ 
Material examined.  See Table XXVIII. 
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Key to the species of Pristidae 
 
This following key is describes evidence of external morphology characters 
(primarily from juveniles and isolated rostra). Species were delimited following the 
phylogenetic species concept, based on a phylogenetic analysis protocol. The main weakness 
of the following key is reflective of our poor knowledge regarding morphological variation 
within the largetooth sawfishes (P. zephyreus, P. microdon, and P. perotteti). Rostral tooth 
counts are not always diagnostic, but it was reported for all species.  
 
1a. Rostral teeth absent of basal quarter of saw (16-33); rostral tooth arrow-like with sharp 
margins in young; rostral tooth triangular with sharp margins in adults; dermal 
denticles present on rostrum, head, anterior margin of fins, and only scattered 
throughout other parts of body (Indo-West Pacific)…………Anoxypristis cuspidata 
1b. Rostral teeth present on basal quarter of the saw (14-37); rostral teeth pointed with sharp 
margins in young; rostral teeth pointed with flattened, grooved posterior margin in 
adults; dermal denticles present on entire body ……………………………. 2 Pristis 
2a. First dorsal fin origin over or posterior to pelvic fin ……….……………….3 (smalltooth) 
2b. First dorsal fin origin anterior to pelvic fin …………………….……………5 (largetooth) 
3a. Rostral tooth count per side between 21 and 37; origin of first dorsal fin posterior to 
origin of pelvic fins; squamation pattern not uniform in juveniles, with larger dermal 
denticles on dorsal region; posterior margin of caudal fin convex in juveniles (Indo-
West Pacific) ……....................................................................................……P. zijsron 
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3b. Rostral tooth count per side between 16 and 30; origin of first dorsal fin opposite or 
posterior to origin of pelvic fin; squamation pattern uniform in juveniles; posterior 
margin of caudal fin straight………………………......................................…………4 
4a. Rostral teeth 16-30; origin of first dorsal fin opposite to origin of pelvic fins (Atlantic)… 
…………………………...……………………………….……………..…P. pectinata 
4b. Rostral teeth 18-27; origin of first dorsal fin slightly posterior to origin of pelvic fins 
(Indo-West Pacific)…....………………………………………............…… P. clavata 
5a. Rostral tooth count per side from 15 to 23; space between the two posteriormost rostral 
teeth is between 4.5 and 6.7 % of rostrum standard length (East Pacific) ………..…… 
………………………………………………………………….………... P. zephyreus 
5 b. Rostral tooth count per side from 14 to 22; space between the two posteriormost rostral 
teeth is between 4.4 and 8.5 % of rostrum standard length.......................................…6 
6 a. Eye horizontal length between 5.1 and 6.7% of rostrum standard length* (Atlantic) ......... 
……………………………………………………………………………....P. perotteti 
6 b. Eye horizontal length between 6.4 and 8.0% of rostrum standard length** (Indo-West 
Pacific)…...………………………………………………………….......P. microdon 
* based on four specimens, total length of specimens ranging from 874 to 2,850 mm. 
** based on 11 specimens, total length of specimens ranging from 833 to 3,032 mm. 
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Figure 1a. Methods of measurement adopted for Pristidae: body. 1, total length. Distance from rostrum tip to: 
2, eye; 3, spiracle; 4, pectoral fin insertion; 5, pelvic fin insertion; 6, 1st dorsal fin origin; 7, 2nd dorsal fin origin; 
8, upper caudal fin origin; 9, outer nostril; 10, mouth; 11, 1st gill; 12, 5th gill; 13, cloaca. Distance between 
bases:  15, interdorsal. Other measurement: 32, clasper length. Pectoral fin length: 33, anterior margin; 34, 
posterior margin; 35, inner margin; 36, base. 1st dorsal fin length: 41, anterior margin; 42, posterior margin; 43, 
height; 44, inner margin; 45, base. 2nd dorsal fin length: 46, anterior margin; 47, posterior margin; 48, height; 
49, inner margin; 50, base. Drawings adapated from McEachran & Carvalho (2002). 
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Figure 1b. Methods of measurement adopted for Pristidae: details of rostrum, head, and caudal fin. Distance 
between inner corners: 19, eyes; 20, spiracles; 21, nostrils. Other measurements: 28, teeth width; 30, nostril 
length; 106; eye length; 107, spiracle length. Caudal fin length: 51, upper lobe; 52, posterior margin; 53, lower 
lobe. Rostrum measurements: 54, total length; 55, standard length; 57, rostrum width anterior; 61, rostrum 
width posterior; 62, inter lateral tooth anterior; 67, inter lateral tooth posterior. Head and caudal fin drawings 
adapted from Bigelow & Schroeder (1953). 
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Figure 2. Consensus tree of 1,000 bootstrap pseudoreplicates constructed using maximum 
parsimony based on 144 base pair sequences of the mtDNA NADH-2 of smalltooth 
specimens sampled along the geographical range of the group. Morphotype C is putative P. 
pectinata, morphotype D, putative P. zijsron, and morphotype E, putative P. clavata. 
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Figure 3. Plot of Pristis spp. individuals’ projection onto first two canonical factors for 
visualization of the ordering of the taxa in the multivariate space based on complete body 
morphometric variables and number rostral teeth. Blue dots: P. zijsron; green dots: P. 
pectinata; gray dots: P. clavata; red dots: P. perotteti; orange dots: P. microdon; black dots: 
P. zephyreus. 
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Figure 4. Holotype of Pristis clavata (MCZ -733). 
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Figure 5. Plot of individuals’ projection onto first two canonical factors for visualization of 
the ordering of the taxa in the multivariate space based on rostrum morphometric variables 
and rostral teeth. Blue dots: P. zijsron; green dots: P. pectinata; gray dots: P. clavata; red 
dots: P. perotteti; orange dots: P. microdon; black dots: P. zephyreus. 
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Figure 6. Pristis pectinata (TCWC 2082-01). 
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Figure 7. Pristis zijsron. (top) juvenile (BMNH 1925.7.20.53). (bottom) saw of adult 
(BMNH 1950.10.13.1). 
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Figure 8a. Consensus tree of 1,000 bootstrap pseudoreplicates constructed using maximum 
parsimony based on 144 base pair sequences of the mtDNA NADH-2 of largetooth 
specimens sampled along the geographical range of the group. Morphotype B is putative P. 
microdon sensu Garman (1913), putative P. perotteti and P. microdon sensu Compagno 
(1999) or putative P. pristis sensu Carvalho & McEchran (2000). 
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Figure 8b. Consensus tree of 1,000 bootstrap pseudoreplicates constructed using maximum 
parsimony based on 603 base pair sequences of the mtDNA NADH-2 of largetooth 
specimens sampled along the geographical range of the group. Morphotype B is putative P. 
microdon sensu Garman (1913), putative P. perotteti and P. microdon sensu Compagno 
(1999) or putative P. pristis sensu Carvalho & McEchran (2000). 
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Figure 9. Pristis microdon (RMNH 28609). 
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Figure 10. Pristis perotteti (INPA, uncat 3). 
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Figure 11. Pristis zephyreus (BMNH 1864.1.26.288). 
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Figure 12. Consensus tree of 1,000 bootstrap pseudoreplicates constructed using maximum 
parsimony based on 144 base pair sequences of the mtDNA NADH-2 of knifetooth 
specimens sampled along the geographical range of the group. Morphotype F is putative A. 
cuspidata sensu Garman (1913). 
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Figure 13. Anoxypristis cuspidata. (top) juvenile (MNHN 0000-1250). (bottom) saw of adult 
(BMNH 2004.11.27.45). 
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Table I. Sawfish species as proposed by Garman (1913) with indication of morphotype 
association. 
Species (synonym) Morpho type Group 
Main diagnostic characters  
in relation to other group member(s) Distribution 
Pristis pristis A Largetooth/ 
Smalltooth 
Origin of first dorsal fin opposite to origin of pelvic fins, 
absence of a caudal fin lower lobe 
W. Africa, Mediterranean 
P. microdon (P. perotteti) B Largetooth Origin of first dorsal fin anterior to origin of pelvic fins, 
presence of a caudal fin lower lobe 
circumtropical 
P. pectinata C Smalltooth Origin of first dorsal fin opposite to origin of pelvic fins, 
rostrum teeth spacing 
circumtropical 
P. zijsron D Smalltooth Origin of first dorsal fin over middle of pelvic fin base, 
rostrum teeth spacing 
Indo-West Pacific 
P. clavata E Smalltooth Origin of first dorsal fin over one anterior third of pelvic fin 
base, rostrum teeth spacing 
northern Australia 
Anoxypristis cuspidata F Knifetooth Several morphological features West Pacific 
 
 
 
Table II. Sawfish specimens successfully sequenced for mitochondrial DNA (NADH2) and 
used for reconstruction of haplotype trees. 
Morpho 
type 
Putative 
species 
Ocean 
Basin Locality n Source 
E P. clavata W. Pacific Borneo 1 Museum 
   Australia 3 Field 
C P. pectinata W. Atlantic Bahamas 3 Field 
   Florida, USA 3 Field, Museum 
   Mexico 1 Museum 
   Suriname 1 Museum 
   British Guyana 2 Museum 
  E. Atlantic Senegal 1 Museum 
   Congo 1 Museum 
D P. zijsron Indian South Africa 1 Aquarium 
   Red Sea 1 Museum 
   Persian Gulf 3 Museum 
   Iraq 2 Museum 
  W. Pacific Thailand (Gulf of Siam) 1 Museum 
   Indonesia 1 Museum 
   Australia 3 Field, Museum 
   Unknown Tasman Sea 1 Museum 
B P. microdon Indian South Africa 2 Museum 
   Tanzania 2 Museum 
   Mozambique (Zambezi River) 1 Museum 
   Madagascar 1 Museum 
   Unknown East Indian Ocean 1 Museum 
  W. Pacific Vietnam 1 Museum 
   Papua New Guinea (Lake Jamur) 1 Museum 
   Papua New Guinea (Lake Sentani) 2 Museum 
   Papua New Guinea (Bismarck Arch.) 1 Museum 
   Australia 2 Field 
B P. perotteti W. Atlantic Suriname 1 Museum 
   Brazil 2 Field 
  E. Atlantic Liberia 1 Museum 
   Congo 1 Museum 
   Angola 2 Museum 
   East Atlantic Ocean 1 Museum 
  E. Pacific Panama 1 Museum 
F A. cuspidata N. Indian Persian Gulf 1 Museum 
   India 1 Museum 
  W. Pacific Indonesia 1 Museum 
   Papua New Guinea 3 Museum 
   Australia 3 Field 
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Table III. Pristis clavata, proportional dimensions in percentage of total length. 
 M, 920 mm F, 790 mm ?, 1250 mm ?, 865 mm F, 728 mm M, 615 mm F, 654 mm 
 India Reunion Islands Unknown Unknown 
Papua New 
Guinea Australia Australia 
 Calcutta  Indian Ocean West Pacific  Queensland Queensland 
 BMNH 1846.10.13.40 
MNHN 0000-
2607 ZMB 4526 ZMB 7820 RMNH 4233
MCZ –733 
Holotype MCZ 36648 
02 Rostrum tip to eye 22.2 23.7   24.9 26.3 25.4 
03 Rostrum tip to spiracle 27.2 26.7   27.7 29.9 28.9 
04 Rostrum tip to pectoral fin 34.8 35.3   36.1 34.1 34.7 
05 Rostrum tip to pelvic fin 57.1 58.1   55.6 56.1 56.7 
06 Rostrum tip to 1st dorsal fin 57.1 58.1   57.7 57.9 56.9 
07 Rostrum tip to 2nd dorsal fin 76.1 77.0   74.7 76.1 74.6 
08 Rostrum tip to caudal fin 84.2 86.8   83.5 87.0 85.0 
09 Rostrum tip to outer nostril 22.8 22.5   23.5 25.2 24.4 
10 Rostrum tip to mouth 26.4 26.8   28.2   
11 Rostrum tip to 1st gill  35.2   35.9   
12 Rostrum tip to 5th gill  38.6   39.1   
13 Rostrum tip to cloaca     61.1   
15 Interdorsal 12.6 12.9   11.1 12.8 10.9 
19 Distance between eyes 3.5 4.1   4.7   
20 Distance between spiracles 3.1 3.3   3.7   
21 Distance between nostrils 1.8 1.8   2.1 2.3 2.3 
28 Mouth width 4.4 4.7   4.8 5.1 5.6 
30 Nostril Length 1.4 1.4   1.6 1.8 1.7 
32 Clasper length 1.1     1.5  
33 Pectoral fin, anterior margin  8.2   9.4 12.0 11.8 
34 Pectoral fin, posterior margin  9.3   12.1 12.7 12.8 
35 Pectoral fin inner margin  4.4   5.6 6.6 5.7 
36 Pectoral fin base  10.0   11.1 11.4 10.9 
41 1st dorsal fin, ant. margin  8.6   8.9 9.2 9.1 
42 1st dorsal fin post. margin  4.5   7.1 9.3 10.2 
43 1st dorsal fin height  5.0   6.9 6.4 6.3 
44 1st dorsal fin inner margin  2.1   3.4 3.5 3.8 
45 1st dorsal fin base  6.2   6.0 5.7 6.5 
46 2nd dorsal fin ant. margin  8.3   8.6 8.7 9.2 
47 2nd dorsal fin post. margin  4.6   6.7 8.5 9.1 
48 2nd dorsal fin height  5.1   6.1 6.5 6.2 
49 2nd dorsal fin inner marg  3.0   3.4 3.2 3.4 
50 2nd dorsal fin base  5.2   5.1 5.3 5.9 
51 Caudal fin upper lobe  13.7   13.8 14.1 14.5 
52 Caudal fin posterior margin  7.2   8.3 8.4 9.9 
53 Caudal fin lower lobe  7.7   8.3 8.2 6.7 
54 Rostrum total length 20.6 20.8 20.4 21.5 21.2 22.6 22.2 
55 Rostrum  standard length 19.9 20.4 19.4 20.3 20.6 22.0 21.7 
57 Rostrum width anterior 2.0 2.1 1.8 2.0 2.4 2.5 2.6 
61 Rostrum width posterior 3.2 3.4 3.0 3.3 3.9 4.1 4.3 
62 Inter lat. tooth anterior 0.4 0.4 0.3 0.3 0.6 0.6 0.5 
67 Inter lat. tooth posterior 0.9 1.0 0.9 0.9 1.0 1.3 1.1 
82 Number of rostral teeth left 25 26 25 26 21 21 20 
83 Number of rostral teeth right 24 24 25 26 22 21 21 
106 Eye length     2.1   
107 Spiracle length     1.7   
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Table IV. Summary statistics of the morphometric variable that showed significant sexual 
dimorphism in P. clavata based on ANCOVA. 
p value Females Males Measurement / Count N 
 
Size*Sex Sex Size LS Mean Std Error Mean LS Mean Std Error Mean 
20 Distance between spiracles 4  0.0293 0.0105 27.322 0.039 26.700 26.079 0.039 26.700 
 
 
 
Table V. Summary statistics of morphometric and meristic variables that differed 
significantly between P. clavata and P. pectinata based on ANCOVA. 
p value P. clavata P. pectinata Measurement / Count N 
Spp*Sex Spp Sex Size LS Mean Std Error Mean LS Mean Std Error Mean 
1. Total length 59  0.0150 0.3593 <.0001 999.399 38.842 829.143 895.677 14.272 916.865 
43 First dorsal fin 
height 
28  0.0010 0.1580 <.0001 77.885 2.540 43.683 67.648 0.913 71.233 
45 First dorsal fin base 25 0.0497 0.5530 0.6330 <.0001 73.656 2.796 40.397 71.883 0.952 74.140 
48 Second dorsal fin 
height 
28  0.0270 0.1070 <.0001 75.608 2.995 41.543 68.224 1.077 71.608 
67 Left posteriormost 
intertooth length 
39  0.0040 0.4890 <.0001 13.660 0.425 8.241 15.110 0.203 16.250 
82 Left number of 
rostral teeth 
58  0.0090 0.7040 0.4490 23.464 0.762 23.429 25.661 0.285 25.686 
83 Right number of 
rostral teeth 
53  0.0130 0.3758 0.4950 23.581 0.721 23.571 25.541 0.269 25.588 
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Table VI. Summary statistics of morphometric and meristic variables that differed 
significantly between P. clavata and P. zijsron based on ANCOVA. 
N p value P. clavata P. zijsron Measurement / 
Count 
 Spp*Sex Spp Sex Size LS Mean Std Error Mean LS Mean 
Std 
Error Mean 
01 Total length 40  0.0001 0.4763 <.0001 1079.724 30.686 829.143 933.232 13.844 986.939 
02 Rostrum tip to 
eye 
25  0.0095 0.7872 <.0001 262.651 3.441 178.250 273.478 1.449 289.571 
04 Rostrum tip to 
pectoral fin 
23  0.0491 0.6298 <.0001 374.301 6.954 255.000 358.074 3.070 383.263 
05 Rostrum tip to 
pelvic fin 
23  0.0040 0.2198 <.0001 598.803 16.487 411.500 538.961 7.278 577.947 
06 Rostrum tip to 
1st dorsal fin 
23  0.0152 0.4054 <.0001 604.783 16.172 418.250 556.918 7.139 595.895 
07 Rostrum tip to 
2nd dorsal fin 
23  0.0027 0.5558 <.0001 803.077 24.13 550.000 710.608 10.653 763.579 
08 Rostrum tip to 
caudal fin 
25  0.0004 0.6585 <.0001 921.543 23.119 618.500 813.324 9.732 870.857 
09 Rostrum tip to 
outer nostril 
23  0.0155 0.4466 <.0001 251.856 2.574 173.875 259.468 1.145 275.842 
13 Rostrum tip to 
cloaca 
14  0.0045 0.9084 <.0001 500.726 14.892 413.000 437.711 7.104 461.636 
15 Interdorsal 25  0.0016 0.6260 <.0001 130.461 5.892 86.757 106.954 2.482  115.333 
28 Mouth width 28  0.0009 0.1784 <.0001 51.275 1.725 35.850 44.118 0.682 46.762 
30 Nostril Length 28  0.0025 0.9349 <.0001 15.215 0.456 11.445  13.538 0.182 14.164 
33 Pectoral fin, 
anterior margin 
21  0.0250 0.4780 <.0001 103.052 7.861 73.150  82.153 3.118 86.781 
35 Pectoral fin 
inner margin 
21  0.0219 0.677 <.0001 56.964 4.110 39.420 45.708 1.630 48.523 
36 Pectoral fin 
base 
21  0.0426 0.901 <.0001 113.334 6.751 73.999  97.281 2.678 103.784 
41 1st dorsal fin, 
ant. margin 
21t  .<0001 0.557 .<0001 94.365 3.598 60.350 72.542 1.427 78.077 
43 1st dorsal fin 
height 
21  .<0001 0.0351 .<0001 71.439 3.044 43.683 46.450 1.207 50.641 
44 1st dorsal fin 
inner margin 
21  .<0001 0.8306 .<0001 34.313 1.08 23.703 27.674 0.428 29.457 
45 1st dorsal fin 
base 
21  0.0005 0.4615 .<0001 61.470 3.066 40.397 47.147 1.216 50.803 
46 2nd dorsal fin 
ant. margin 
21  .<0001 0.5127 .<0001 93.179 2.727 58.777 74.822 1.082 80.442 
48 2nd dorsal fin 
height 
20  0.0019 0.0813 <.0001 70.407 4.360 41.543 52.747 1.771 57.476  
50 2nd dorsal fin 
base 
21  0.0007 0.4114 <.0001 57.697 2.853 36.290 44.899 1.132 48.317 
51 Caudal fin 
upper lobe 
20  0.0006 0.9959 <.0001 146.847 6.185 94.050 118.214 2.512 127.532 
52 Caudal fin 
posterior margin 
20  0.0012 0.9972 <.0001 102.653 4.966 59.117 81.280 2.016 88.964 
53 Caudal fin 
lower lobe 
21  0.0320 0.1686 <.0001 80.544 6.659 51.590 63.661 2.641 67.890 
54 Rostrum total 
length 
37  0.0020 0.0272 <.0001 241.137 1.752 178.040 247.713 0.831 262.261 
57 Rostrum width 
anterior 
35  0.0051 0.1904 <.0001 21.441 0.434 17.691 19.968 0.211 20.910 
61 Rostrum width 
posterior 
  0.0001 0.2682 <.0001 36.370 0.658 29.373 33.104 0.321 34.865 
67 Inter lat. tooth 
posterior 
  0.0009 0.2218 <.0001 12.105 0.705 8.241 15.048 0.351 16.020 
82 Number of 
rostral teeth left 
40  <.0001 0.7527 0.0092 24.020 0.894 23.429 28.639 0.403 28.758 
83 Number of 
rostral teeth right 
40  <.0001 0.5376 0.0302 24.001 0.875 23.571 28.592 0.395 28.697 
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Table VII. P. clavata material examined. 
Catalogue number Sex Country or region Date Specimen condition TL (mm) 
MCZ 36648 F AUSTRALIA 7/1946 COMPLETE WET 654 
RMNH 4233 F PAPUA NEW GUINEA CA. 6-8/1828 COMPLETE WET 728 
MNHN 0000-2607 F REUNION ISLANDS  COMPLETE DRY 790 
ZMB 7820 F WPACIFIC  COMPLETE DRY 865 
ZMB 4526 F INDIAN OCEAN  COMPLETE DRY 1,250 
ZMB 7821 F WEST PACIFIC  COMPLETE DRY  
MCZ -733 M AUSTRALIA < 10/8/1877 COMPLETE WET 615 
ZMB 13850 M INDONESIA 4/1894 COMPLETE DRY 772 
BMNH 1846.10.13.40 M INDIA  COMPLETE DRY 920 
AMNH 49529  ?AUSTRALIA? 1916 SAW  
RMNH D?2664    COMPLETE DRY  
ZMB 32534  INDONESIA 4/16/1909-7/18/1910 SAW  
ZMB 32535  INDONESIA 4/16/1909-7/18/1910 SAW  
USNM 00232696a  INDONESIA  SAW  
USNM 00232696b  INDONESIA  SAW  
USNM 00232696c  INDONESIA  SAW  
MR 0030- GN 3339   < OR = 12/1999 SAW  
UNCAT GNb  INDONESIA  SAW  
UNCAT GNa  INDONESIA  SAW  
IMAGE1  AUSTRALIA  COMPLETE WET 2,600 
IMAGE2-LYLE  AUSTRALIA  COMPLETE WET  
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Table VIII. Pristis pectinata, proportional dimensions in percentage of total length. 
 M, 1001 mm F, 1005 mm M, 1050 mm F, 1440 mm M, 733 mm F, 741 mm M, 1035 mm F, 3720 mm F, 4170 mm F, 3760 mm 
 USA USA USA USA unknown Mauritania Guinea-Bissau Haiti 
Trinidad & 
Tobago Unknown 
 Galveston, Texas 
Galveston, 
Texas 
Galveston, 
Texas 
Mustang 
Island, Texas 
Antilles, 
Caribbean Port Etienne Cacheu  
Trinidad, San 
Fernando  
 MCZ 36960A MCZ 36960B MCZ 36960E TCWC 6565.01 MNHN A-9476
MNHN 1986-
0397 
MNHN 1990-
0002 
MNHN 0000-
9858 
BMNH 
1876.5.24.35 
MNHN 0000-
9859 
02 Rostrum tip to eye 26.9 26.9 26.5 26.3 25.6 28.9 25.6 27.8 26.9 29.3 
03 Rostrum tip to spiracle 30.0 30.0 29.1 29.0 29.2 32.0 28.9 30.1 29.0 31.6 
04 Rostrum tip to pectoral fin 36.6 36.2 36.3 31.3 35.5 13.2 36.0 37.6 39.1 38.8 
05 Rostrum tip to pelvic fin 58.1 58.0 37.3 54.2 57.2 58.4 55.6 60.3 61.6 60.6 
06 Rostrum tip to 1st dorsal fin 58.1 58.3 37.2 56.5 57.3 59.1 55.6  61.6  
07 Rostrum tip to 2nd dorsal fin 74.9 75.3 74.3 74.9 74.8 76.0 74.9 76.6 79.9 77.1 
08 Rostrum tip to caudal fin 85.1 85.7 85.8 86.7 86.4 86.4 85.5 248.5 10.9 86.7 
09 Rostrum tip to outer nostril 25.6 25.6 24.5 25.5 24.6 27.4 25.0 26.9 25.7 27.9 
10 Rostrum tip to mouth    29.9 28.0 31.2 28.2 29.6 28.7 31.4 
11 Rostrum tip to 1st gill    38.5 37.8 39.5 37.3    
12 Rostrum tip to 5th gill    41.5 41.1 43.3 40.3    
13 Rostrum tip to cloaca    57.2  61.4 60.2    
15 Interdorsal 10.4 10.6 10.2 11.1 12.7 11.0 12.3 10.2  9.3 
19 Distance between eyes    5.2 4.7 4.6 4.7 4.0  3.7 
20 Distance between spiracles    3.9 4.0 3.9 3.9 3.8  3.2 
21 Distance between nostrils 2.0 2.0 2.0 2.0 2.1 2.2 2.1 2.2  1.6 
28 Mouth width 5.2 4.9 5.6  4.2 5.0 4.9 4.3  4.7 
30 Nostril Length 1.7 1.7 1.8 1.8 1.6 1.6 1.7 1.3  1.3 
32 Clasper length 1.8  2.0 2.0 1.8  1.6    
33 Pectoral fin, anterior margin 10.6 12.7 11.2 10.5 8.8 8.8 9.9 8.9 8.2 10.1 
34 Pectoral fin, posterior margin 12.3 12.3 12.4 12.8 10.3 12.0 12.0 12.0 12.6 10.4 
35 Pectoral fin inner margin 6.3 5.6 6.1 5.6 5.1 5.8 7.1 4.6 4.4 5.3 
36 Pectoral fin base 12.1 12.5 11.9 12.2 10.8 10.4 10.8 9.9 9.8 11.2 
41 1st dorsal fin, ant. margin 8.7 8.3 9.1 8.2 8.5 8.3 9.0 8.1 8.8 10.1 
42 1st dorsal fin post. margin 10.0 9.6 10.3 7.8 5.0 5.7 6.5 8.2 6.8 9.3 
43 1st dorsal fin height 6.0 5.3 5.8 6.9 5.1 5.4 6.0 6.6 6.5 6.9 
44 1st dorsal fin inner margin 3.3 3.5 3.5 2.3 2.9 3.1 3.7 2.8 2.4 3.2 
45 1st dorsal fin base 6.3 5.9 6.8 6.5 6.8 6.1 6.4 6.9 6.7 7.4 
46 2nd dorsal fin ant. margin 8.7 8.1 8.9 9.0 8.5 8.1 9.1 7.3 7.4 9.2 
47 2nd dorsal fin post. margin 8.7 8.0 8.8 7.3 5.3 5.7 6.0 5.9 6.5 8.0 
48 2nd dorsal fin height 6.0 6.2 6.1 6.8 5.3 5.9 5.9 6.5 6.2 7.2 
49 2nd dorsal fin inner marg 3.2 3.1 3.4 2.3 2.7 2.8 3.2 2.0 2.0 2.9 
50 2nd dorsal fin base 5.6 5.0 5.5 6.0 5.6 5.8 5.8 5.4 5.0 5.5 
51 Caudal fin upper lobe 14.0 13.2 14.1 13.7 13.1 13.1 13.9 13.4 12.0 16.5 
52 Caudal fin posterior margin 9.1 9.3 10.6 11.2 13.1 8.3 8.9 11.4 10.4 12.5 
53 Caudal fin lower lobe 6.9 7.6 7.9 7.6 6.3 7.0 8.1 6.7 6.0 8.2 
54 Rostrum total length 23.4 22.8 22.6 22.9 21.9 24.0 21.8 24.7 23.1 26.1 
55 Rostrum  standard length 22.0 22.2 21.4 21.9 21.0 23.2 20.8 23.1 21.8 23.9 
57 Rostrum width anterior 2.1 2.1 2.1 1.9 2.1 2.3 2.2 1.5 1.7 1.7 
61 Rostrum width posterior 3.7 3.6 3.7 3.7 3.6 3.8 3.4 3.0 3.1 3.3 
62 Inter lat. tooth anterior 0.5 0.5 0.6 0.4 0.5 0.5 0.4 0.4 0.4 0.5 
67 Inter lat. tooth posterior 1.3 1.4 1.4 1.2 1.1 1.4 1.2 1.3 1.2 1.3 
82 Number of rostral teeth left 28 23 25 27 26 24 23 27 26 27 
83 Number of rostral teeth right 27 23 24 26 26 24 23 27 26 27 
106 Eye length        1.2  1.3 
107 Spiracle length        1.4  1.5 
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Table IX. Summary statistics of morphometric variables that showed significant sexual 
dimorphism in P. pectinata based on ANCOVA. 
     N p value Females Males Measurement / 
Count  
 Size*Sex Sex Size LS Mean Std Error Mean LS Mean Std Error Mean 
03 Rostrum tip to 
spiracle 
29  0.0414 <.0001 337.659 2.541 381.899 347.623 3.826 249.313 
11 Rostrum tip to 
1st gill 
8  0.0109 <.0001 280.306 1.907 303.446 292.759 2.476 254.193 
12 Rostrum tip to 
5th gill 
8  0.0333 <.0001 303.415 2.792 328.302 316.894 3.626 275.417 
19 Distance 
between eyes 
29 0.0221 0.0343 <.0001 44.387 1.406 48.602 51.405 2.802 38.361 
28 Mouth width 26 0.0041 0.0014 0.0014 48.180 0.960 54.133 55.549 1.770 41.812 
30 Nostril Length 28 0.0025 0.0067 <.0001 16.040 0.357 17.640 18.41 0.715 13.710 
33 Pectoral fin, 
anterior margin 
28 0.0287 0.0225 <.0001 105.045 3.037  119.286 124.917 7.557 80.361 
35 Pectoral fin 
inner margin 
26 0.0020 <.0001 <.0001 59.609 1.486 66.813 80.494 4.025 52.398 
44 1st dorsal fin 
inner margin 
26 0.0267 0.0069 <.0001 33.501 1.133 37.750 43.238 3.067 27.53 
45 1st dorsal fin 
base 
27  0.0010 <.0001 71.934 1.064 82.364 79.395 1.657 54.625 
49 2nd dorsal fin 
inner marg 
26  0.0422 <.0001 29.681 1.803 33.159 36.804 2.733 28.978 
57 Rostrum width 
anterior 
49 0.0021  0.0030 <.0001 20.886 0.343 24.258 23.497 0.756 16.109 
61 Rostrum width 
posterior 
51 0.0019 0.0019 <.0001 36.158 0.442 43.263 39.422 0.890 26.861 
107 Spiracle 
length 
17  0.0125 <.0001 17.916 0.449 18.970 20.590 0.815 17.165 
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Table X. Summary statistics of morphometric and meristic variables that differed 
significantly between P. pectinata and P. zijsron based on ANCOVA. 
    N p value P. pectinata P. zijsron Measurement / 
Count  
 Spp*Sex Spp Sex Size LS Mean Std Error Mean 
LS 
Mean Std Error Mean 
01. Total length 85  0.0048 0.7666 <.0001 969.536 13.975 916.865 904.641 17.471 986.939 
02 Rostrum tip 
to eye 
50  0.0202 0.0626 <.0001 299.128 1.702 309.467 305.271 1.918 289.571 
09 Rostrum tip 
to outer nostril 
45  0.0049 0.1530 <.0001 290.780 1.845 307.044 299.075 2.105 275.842 
11 Rostrum tip 
to 1st gill 
20 0.0413 0.0006 0.6240 <.0001 353.620 3.643 284.976 332.946 2.884 378.333 
12 Rostrum tip 
to 5th gill 
20  0.0024 0.4032 <.0001 382.679 4.699 308.47 360.609 3.786 409.250 
19 Distance 
between eyes 
54  0.0304 0.8003 <.0001 45.579 1.073 45.071 42.142 1.129 42.636 
28 Mouth width 50  0.0020 0.3212 <.0001 50.204 0.880 49.394 46.097 0.904 46.767 
30 Nostril 
Length 
52  0.0027 0.2830 <.0001 15.963 0.298 16.235 14.601 0.317 14.164 
33 Pectoral fin, 
anterior margin 
46  0.0061 0.2572 <.0001 104.304 2.696 106.775 92.250 3.242 86.781 
35 Pectoral fin 
inner margin 
44  0.0019 0.0170 <.0001 60.781 1.578 62.377 52.860 1.821 48.523 
36 Pectoral fin 
base 
44  0.0223 0.2038 <.0001 122.227 2.604 127.317 112.873 3.004 103.784 
41 1st dorsal fin, 
ant. margin 
47  0.0082 0.0294 <.0001 92.000 1.957 93.826 83.543 2.380 78.077 
43 1st dorsal fin 
height 
43  <.0001 0.0015 <.0001 67.580 1.162 71.232  57.577 1.324 50.641 
45 1st dorsal fin 
base 
45 0.0082 <.0001 0.2163 <.0001 71.716 1.131 74.145 56.427 1.274 50.803 
50 2nd dorsal fin 
base 
44  0.0050 0.0896 <.0001 58.824 1.265 61.384 53.152 1.459 48.317 
52 Caudal fin 
posterior margin 
43  0.0005 0.0926 <.0001 112.405 2.228 117.911 99.332 2.637 88.964 
54 Rostrum total 
length 
79  0.0139 0.0791 <.0001 246.916 0.886 239.436 250.507 1.121 262.261 
57 Rostrum 
width anterior 
77  0.0075 0.8956 <.0001 21.477 0.273 21.098 20.241 0.356 20.915 
61 Rostrum 
width posterior 
79  <.0001 0.8350 <.0001 37.354 0.383 36.509 33.306 0.511 34.865 
62 Inter lat. 
tooth anterior 
58  <.0001 0.0392 <.0001 5.868 0.176 6.202 4.379 0.191 4.098 
67 Inter lat. 
tooth posterior 
59  <.0001 0.0927 <.0001 15.380 0.288 16.253 17.204 0.306 16.020 
82 Number of 
rostral teeth left 
84  <.0001 0.9726 0.0871 25.698 0.299 25.686 28.741 0.368 28.758 
83 Number of 
rostral teeth right 
84  <.0001 0.3834 0.1679 25.561 0.290 25.588 28.678 0.357 28.697 
107 Spiracle 
length 
32  0.0022 0.0574 <.0001 17.431 0.484 18.545 15.182 0.485 13.347 
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Table XI. P. pectinata material examined. 
Catalogue Sex Country Date Specimen condition TL (mm) 
FMNH 9367  USA SPRING 1909 MOUNTED  
FMNH 51264  BELIZE  SAW  
FMNH 51265    SAW  
FMNH 10923  USA 8/15/1924 CAST & JAW  
FMNH 10924  USA 9/11/1924 CAST & JAWS  
FMNH 51205    JAW  
FMNH 36628 F USA < 1930 DRY SKIN, WET FINS  
FMNH 51186  USA 1924 SKIN  
FMNH 1939  USA 1/17/1896 COMPLETE WET  
FMNH 76391 F BRAZIL 6/22/1910 COMPLETE WET  
MCZ -1220 F USA 8/24/1834 SAW  
MCZ -1214   1793 ? SAW  
MCZ 89872  USA 2/1918 SAW  
MCZ 153653    SAW  
MCZ 153664    SAW  
MCZ 153665    SAW  
MCZ 163850    SAW  
MCZ -105 F USA 4/1853 COMPLETE WET 664 
MCZ 36960A M USA  COMPLETE WET 1,001 
MCZ 36960B F USA  COMPLETE WET 1,005 
MCZ 36960C F USA  COMPLETE WET 988 
MCZ 36960D M USA  COMPLETE WET 1,012 
MCZ 36960E M USA  COMPLETE WET 1,050 
MCZ 36659 M USA 12/1947 COMPLETE ? 1,337 
AMNH 55572B M BRITISH GUYANA 3/1958 COMPLETE WET 454 
AMNH 55572A F BRITISH GUYANA 3/1958 COMPLETE WET 419 
AMNH 225808 F USA 1/1908 COMPLETE WET 713 
AMNH 44010 F   COMPLETE WET 730 
AMNH 55558  USA 1834 SAW  
ANSP 17343    SAW  
ANSP 92746  BRITISH GUIANA < 1960 SAW  
ANSP 17401  WATLANTIC (SOUTH) < 1878 SAW  
ANSP 153754 M USA 3/25/61 COMPLETE WET 824 
YPM 1135  MEXICO 1926 SAW HEAD  
YPM 14916 F MEXICO 1926 COMPLETE WET 734 
YPM 14917 F MEXICO 1926 COMPLETE WET 715 
YPM 8625 M USA 1886 COMPLETE WET 829 
YPM 11931  USA < 1913 SAW  
YPM 11930  USA 1870 SAW  
YPM 11929  USA < 1916 SAW  
YPM 3    SAW MOUNT  
TCWC 6565.01  USA 04.10/1949 SAW  
TCWC 2082.01 F USA 01/23/1978 COMPLETE WET 1,440 
MNHN 1903-427  FRENCH GUYANA 1900 SAW  
MNHN 0000-3484  FRENCH GUYANA ? SAW  
MNHN A-9476 M CARIBBEAN SEA  COMPLETE DRY 733 
MNHN 2003-2614  CONGO 1958 SAW  
MNHN 0000-2607 F REUNION ISLANDS  COMPLETE DRY 790 
MNHN 1986-0397 F MAURITANIA  COMPLETE WET 741 
MNHN 1990-0002 M GUINEA BISSAU 9/1983 COMPLETE WET 1035 
MNHN 0000-1251A M GABON  COMPLETE WET 217 
MNHN 0000-1251B F GABON  COMPLETE WET 214 
MNHN 0000-9858 F HAITI 1831 COMPLETE DRY 3,720 
MNHN 0000-9859 F   COMPLETE DRY 3,760 
MNHN B-549 F SENEGAL?  COMPLETE DRY 758 
RMNH D2662 F   COMPLETE DRY 714 
RMNH D3107  TRINIDADAD Y TOBAGO <1944 SAW  
RMNH D3110    SAW  
RMNH D3105    SAW  
RMNH D3096  SURINAME 9/1963 SAW  
RMNH D3100  ATLANTIC 1965 SAW  
RMCA A4-45-P-9    SAW  
RMCA A4-45-P-17  CONGO?  SAW  
RMCA 74240 F CONGO 1948 COMPLETE WET 730 
RMCA 1486 F CONGO 1911 COMPLETE WET 654 
ZMB 33546 M CAMEROON 1/1907 COMPLETE WET 370 
ZMB 16632 M CAMEROON 1/1907 COMPLETE WET 342 
ZMB 33540 M CAMEROON 1/1907 COMPLETE WET 351 
ZMB 33541 M CAMEROON 1/1907 COMPLETE WET 331 
ZMB 33542 F CAMEROON 1/1907 COMPLETE WET 339 
ZMB 33543 M CAMEROON 1/1907 COMPLETE WET 335 
ZMB 33544 F CAMEROON 1/1907 COMPLETE WET 348 
ZMB 9226 M CONGO  COMPLETE WET 641 
ZMB 33549 F   COMPLETE WET 349 
ZMB 33548 F   COMPLETE WET 355 
ZMB 4524 M ATLANTIC (NORTH)  COMPLETE WET 233 
ZMB 16106  ANGOLA  SAW  
ZMB 16108  ANGOLA  SAW  
ZMB 33574    SAW  
ZMB 33587    SKELETON  
BMNH 1985.6.21.1 M BRITISH GUYANA 3/1958 COMPLETE WET 404 
BMNH 1985.6.21.2 F BRITISH GUYANA 3/1958 COMPLETE WET 419 
BMNH 1985.6.21.3 F BRITISH GUYANA 3/1958 COMPLETE WET 434 
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Table XI. (continued) 
Catalogue Sex Country Date Specimen condition TL (mm) 
BMNH ???? F   COMPLETE WET 723 
BMNH 1906.8.14.47 M USA  COMPLETE WET 662 
BMNH 1982.9.13.6  BRITISH GUYANA 1886(?) SAW  
BMNH 1982.9.13.5  BRITISH GUYANA 1886(?) SAW  
BMNH 1842.12.12.33 F   COMPLETE DRY 760 
BMNH 1857.6.13.(175?) M   COMPLETE DRY 650 
BMNH 2004.11.27.47 M   COMPLETE DRY 700 
BMNH 1908.7.6.30 F MEXICO  COMPLETE DRY  
BMNH 1848.7.28.40  MEXICO  COMPLETE DRY 715 
BMNH 1876.5.24.35 F TRINIDAD 3/1876 COMPLETE DRY 4,170 
BMNH 1945.11.12.1  CARIBBEAN SEA  SAW  
IFAN R973 (UB0072)    SAW  
IFAN R962 (UB0071)    SAW  
IFAN R956 (UB0070 F SENEGAL 7/11/1956 SAW 4,600 
IFAN R969 (UB0069)  SENEGAL?  SAW  
IFAN R 1B (UB0068)  SENEGAL 3/28/1959 SAW 3,150 
IFAN R975 (UB0066)    SAW  
IFAN UNCAT (UB0064)    SAW  
IFAN UNCAT 2 (UB0063)    SAW  
UF UNCAT G. BURGUESS PECT  COSTA RICA 1960’ SAW  
UF 48061 / Z 5677  USA 1960 SAW  
?? 80992    SAW  
?? 16608 OR 80991    SAW  
?? 90468    SAW  
?? 90379    SAW  
?? 90378    SAW  
?? 83171    SAW  
UNCAT ZOOARCH    SAW  
USNM 00127141 F USA 7/7/1930 COMPLETE WET 801 
USNM 00121000 F VENEZUELA  COMPLETE WET 866 
USNM 00205192 M USA  COMPLETE WET 1,152 
USNM 00030678 M USA 1882 COMPLETE WET 675 
USNM 00015453 M  < OR = 5/1875 COMPLETE DRY 746 
USNM 00029091  USA summer 1870 SAW  
USNM 00110149  USA  SAW  
USNM 00110175  MEXICO(!?)  SAW  
USNM 00110176    SAW  
USNM 00110177    SAW  
USNM 00110248    SAW  
USNM 00110324   < OR - 7/1939 SAW  
USNM 00111368  NICARAGUA 10/1943 SAW  
USNM 00111392   1/12/1944 SAW  
USNM 00232685a  USA  SAW  
USNM 00232685b  USA  SAW  
USNM 00232685c  USA  SAW  
USNM 00232687    SAW  
USNM 00232968  USA  SAW  
USNM 00232969    SAW  
USNM 00260348  USA  SAW  
USNM 00260349  COLOMBIA  SAW  
USNM 00260350    SAW  
MR 0001- GN 3310   < OR = 1993 SAW  
MR 0007- GN 3316  USA? < OR = 1/1997 SAW  
MR 0020- GN 3329  USA 1956 SAW  
MR 0021- GN 3330   < OR = 6/1999 SAW  
JS 01 - GN 3349  USA 1940’-1950’ SAW  
JS 02 - GN 3350  USA < OR = 2000 SAW  
YPM 15083    SAW  
CAS-13512 (?) [LC] F GUYANA  SAW 723 
LACM 39297.008 (F385) [LC]  USA  SAW  
LACM 42016.001 (F386) [LC]  USA 3/8/1882 SAW 4,430 
LACM 39297.007 (F388) [LC]  USA  SAW  
LACM 39297.004 (F392 A2826) [LC]  USA  SAW  
LACM 39297.006 (F394 A1317) [LC]  USA  SAW  
LACM 42017.002 (F384) [LC]    SAW  
LACM 39297.009 (F387) [LC]  USA  SAW  
LACM 39297.002 (F389 7060) [LC]  USA  SAW  
LACM 39297.003 (F390) [LC]  USA  SAW  
LACM 39297.005 (F393) [LC]  USA  SAW  
SU-10630 [LC] M USA  COMPLETE WET 690 
SU-14334 [LC] M USA 5/1935 COMPLETE WET 750 
[BS]  REPUBLIC OF GUINEA C. 1990 SAW  
[BS]  REPUBLIC OF GUINEA  SAW  
[BS]  REPUBLIC OF GUINEA  SAW  
[BS]  REPUBLIC OF GUINEA 4/1980 SAW  
[BS]  REPUBLIC OF GUINEA 1988 SAW  
[BS]  GUINEA BISSAU  SAW  
[BS]  GUINEA BISSAU C. 1987 SAW  
[BS]  GUINEA BISSAU  SAW  
[BS]  GAMBIA 1977 SAW  
[BS]  GUINEA BISSAU  SAW  
[BS]  SENEGAL 1990 SAW  
[BS]  SENEGAL C. 1975 SAW  
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Table XII. Pristis zijsron, proportional dimensions in percentage of total length. 
 F, 1565 mm F, 920 mm F, 723 mm F, 714 mm F, 1848 mm M, 1005 mm F, 3365 mm F, 3416 mm F, 2030 mm 
 Somalia Unknown Unknown Unknown South Africa Indonesia Unknown Unknown Unknown 
  Red Sea Red Sea Red Sea Durban Bay Amboyne    
 MNHN 1901-492 
MNHN 
0000-3486 
MNHN 1967-
948 
RMNH 
D2661 
BMNH 
1922.1.3.7 
BMNH 
1858.11.19.8 
RMNH 
exhibition 
2889 
RMNH uncat. 
old build. RMNH D2672
02 Rostrum tip to eye 28.1 28.6 29.7 31.7  29.4 35.1 27.5 27.8 
03 Rostrum tip to spiracle 30.7 31.5 32.8 34.9  31.9 37.7 29.2 30.3 
04 Rostrum tip to pectoral fin 37.7  39.6 40.5  38.9 46.4 37.5 37.7 
05 Rostrum tip to pelvic fin 60.1  58.5 61.9  59.2 71.8 55.6 56.9 
06 Rostrum tip to 1st dorsal fin 60.1  61.1 63.0  60.7 71.2 55.4 56.9 
07 Rostrum tip to 2nd dorsal fin 78.3  76.8 79.0  79.1 88.7 73.8 74.1 
08 Rostrum tip to caudal fin 86.9  86.2 86.3 86.7 87.6 98.5 82.9 84.0 
09 Rostrum tip to outer nostril 27.2 27.6 28.6 30.5  28.2 32.3 26.6 26.4 
10 Rostrum tip to mouth 30.4 31.0 32.8 34.5  31.3 37.8 3.7 28.9 
11 Rostrum tip to 1st gill 40.3  40.5 42.9    38.3  
12 Rostrum tip to 5th gill 43.6  44.0 44.8    41.3  
13 Rostrum tip to cloaca   64.0     36.3  
15 Interdorsal 12.5 12.2 11.3 11.9  11.6 10.2 11.4 9.9 
19 Distance between eyes 4.2 4.5 4.8 4.2 4.0 4.5 4.2 4.3 3.9 
20 Distance between spiracles 3.8  4.1 3.9 3.7 3.6  4.0 3.1 
21 Distance between nostrils 1.9 2.0 2.3 2.2 2.0 2.0 2.1 1.9  
28 Mouth width 4.8 4.8 4.9  4.8 4.5  5.1  
30 Nostril Length  1.6 1.6 1.7 1.6 1.5  1.5  
32 Clasper length      1.9   1.7 
33 Pectoral fin, anterior margin 8.0 12.8 8.6 9.5   4.2 8.9 9.6 
34 Pectoral fin, posterior margin 10.5 8.3 9.8 11.2   14.9 13.2 10.6 
35 Pectoral fin inner margin 3.8 4.6 5.2 4.7   5.9 6.0 5.7 
36 Pectoral fin base 11.5 11.5 4.6 11.3   11.9 8.2 9.6 
41 1st dorsal fin, ant. margin 8.3 7.6 7.8 7.7   10.4 10.7 10.1 
42 1st dorsal fin post. margin 5.8 4.6 4.9 4.8   8.3 8.8 7.9 
43 1st dorsal fin height 5.8 4.7 4.7 4.6   8.2 8.1 8.0 
44 1st dorsal fin inner margin 5.8 2.8 3.1 3.3   3.6 3.5 3.4 
45 1st dorsal fin base 3.0 5.5 4.8 4.9   7.4 6.7 6.7 
46 2nd dorsal fin ant. margin 8.9 7.6 8.1 7.9   10.4 11.1 10.1 
47 2nd dorsal fin post. margin 6.4 5.2 5.1 5.8   8.9 9.1 3.0 
48 2nd dorsal fin height 6.1 5.2 5.3 5.5   8.0 8.5 7.9 
49 2nd dorsal fin inner marg 2.9 3.0 3.1 3.2   2.4 2.8 2.5 
50 2nd dorsal fin base 5.1 4.7 5.1 4.8   5.9 6.1 5.9 
51 Caudal fin upper lobe 13.7 12.0 13.1 14.7   16.9 18.1 15.5 
52 Caudal fin posterior margin 10.2 9.3 8.2 8.9   11.9 10.4  
53 Caudal fin lower lobe 5.8 6.7 7.0 7.5   7.3 7.6 7.9 
54 Rostrum total length 24.5 24.7 24.9 27.2 24.0 25.4 30.6 25.0 24.6 
55 Rostrum  standard length 22.8 22.9 23.3 25.4 22.6 23.6 28.2 22.4 22.4 
57 Rostrum width anterior 1.7 2.1 2.2 2.3 1.7 2.1 1.9 1.9  
61 Rostrum width posterior 3.0 3.5 3.6 3.7 3.1 3.3 3.4 3.4  
62 Inter lat. tooth anterior 0.3 0.4 0.5 0.4 0.3 0.4 0.5 0.4  
67 Inter lat. tooth posterior 1.2 1.4 1.3 1.6  1.7 2.0 1.4  
82 Number of rostral teeth left 30 31 28 29 29 26 23 25 23 
83 Number of rostral teeth right 30 31 27 30 28 25 23 25 23 
106 Eye length 1.3  2.6 2.0 1.6     
107 Spiracle length 1.6  1.8 1.3 1.3     
 
 
 
Table XIII. Summary statistics of morphometric variables that showed significant sexual 
dimorphism in P. zijsron based on ANCOVA. 
N p value Females Males Measurement / Count 
 
 Size*Sex Sex Size LS Mean 
Std 
Error Mean LS Mean 
Std 
Error Mean 
43 1st dorsal fin height 18  0.0176 <.0001 47.790 1.582 40.470 54.205 1.773  63.355 
54 Rostrum total length 30  0.0147 <.0001 260.094 1.202 234.976 264.738 1.287  293.445 
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Table XIV. P. zijsron material examined. 
Catalogue number Sex Country Date Specimen condition TL (mm) 
FMNH 13266  INDONESIA  SAW  
MCZ -670  FIJI MID-1800’ SAW  
AMNH 44048B F INDONESIA 1931 COMPLETE WET 812 
AMNH 44048A F INDONESIA 1931 COMPLETE WET 818 
AMNH 44048C M INDONESIA 1931 COMPLETE WET 680 
ANSP 101398 M  < 1985 COMPLETE WET 723 
YPM 14918    SAW  
MNHN 1888-252  PERSIAN GULF 1888 SAW  
MNHN 1986-1077    SAW  
MNHN 1888-253  PERSIAN GULF <=1888 SAW  
MNHN 1895-3  THAILAND? 1895 SAW  
MNHN 0000-3485 F RED SEA 1830 COMPLETE DRY 819 
MNHN 0000-3486 F RED SEA  COMPLETE DRY 920 
MNHN 1967-0949 F RED SEA 1/1929 COMPLETE WET 712 
MNHN 1967-948 F RED SEA 1929 COMPLETE WET 723 
MNHN 0000-1226 M INDONESIA 1856 COMPLETE WET 890 
MNHN 1901-492 F SOMALI 1909 COMPLETE DRY 1,565 
RMNH 34070 M INDONESIA 1872/1877 COMPLETE WET 393 
RMNH 34134  INDONESIA ? CAUDAL FIN  
RMNH 7418 M INDONESIA 1879AUCTION COMPLETE WET 1,035 
RMNH 34129 F INDONESIA 1864 COMPLETE WET 761 
RMNH 34130 F INDONESIA 1864 COMPLETE WET 766 
RMNH 4232 M INDONESIA  COMPLETE WET 488 
RMNH D2661 F RED SEA  COMPLETE DRY 714 
RMNH D2663 F INDONESIA  COMPLETE DRY 860 
RMNH D3102  INDONESIA  SAW  
RMNH D3109    SAW  
RMNH D3076  INDONESIA 1/1915 SAW  
RMNH D3077   < 1939 SAW  
RMNH D3101  SOUTH RED SEA 9/18/1962 SAW  
RMNH D3111    SAW  
RMNH D3104    SAW  
RMNH D3113?    SAW  
RMNH D3113!    SAW  
RMNH ???    SAW  
RMNH D7418  INDONESIA ? SAW  
RMNH D3098  RED SEA (SOUTH) 9/18/1962 SAW  
RMNH D3097  RED SEA (SOUTH) 9/18/1962 SAW  
RMNH D3108   < OR = 1942 SAW  
RMNH D3099   < 1860 SAW  
RMCA A4-045-P-1  CONGO? (PROB. MISTAKE) SAW  
RMCA 98-082-P-0001  RED SEA  SAW  
RMCA 98-082-P-002    SAW  
ZMB 33554 M   COMPLETE DRY 2,460 
ZMB 33571    SAW  
ZMB 33572    SAW  
ZMB 33576    SAW  
ZMB 33579    COMPLETE DRY  
BMNH 1925.7.20.59-60A  ARABIAN SEA  SAW HEAD  
BMNH 1925.7.20.59-60B  ARABIAN SEA  SAW HEAD  
BMNH 1925.7.20.59-60C  ARABIAN SEA  SAW HEAD  
BMNH 1867.11.28.184 M  1867 COMPLETE WET 876 
BMNH UNCAT 1    SAW HEAD  
BMNH 1922.1.13.7 F SOUTH AFRICA  HEAD AND SKIN WET 1,848 
BMNH 1925.7.20.53 F ARABIAN SEA  COMPLETE WET 768 
BMNH 1925.7.20.54 F ARABIAN SEA  COMPLETE WET 760 
BMNH 1925.7.20.55 M ARABIAN SEA  COMPLETE WET 782 
BMNH 1925.7.20.56 F ARABIAN SEA  COMPLETE WET 730 
BMNH 1925.7.20.57 F ARABIAN SEA  COMPLETE WET 756 
BMNH 1925.7.20.58 M ARABIAN SEA  COMPLETE WET 790 
BMNH 1880.1.10.2  INDIA?  SAW  
BMNH 1861.5.6.2    SAW  
BMNH 1982.9.13.8  IRAQ < 1960 SAW  
BMNH 1984.5.29.1  AUSTRALIA  SAW  
BMNH ??  PERSIAN GULF??  SAW  
BMNH 1982.9.13.10  PERSIAN GULF  SAW  
BMNH 1982.9.13.9  IRAQ  SAW  
BMNH 1841.12.22.2  INDIA  SAW  
BMNH 1950.10.3.1  CHINA SEA  SAW  
BMNH 2004.11.27.24    SAW  
BMNH 2004.11.27.26    SAW  
BMNH 2004.11.27.28    SAW  
BMNH 2004.11.27.29    SAW  
BMNH 2004.11.27.30    SAW  
BMNH 2004.11.27.31    SAW  
BMNH 2004.11.27.32    SAW  
BMNH 2004.11.27.33    SAW  
BMNH 2004.11.27.34    SAW  
BMNH 2004.11.27.36    SAW  
BMNH 2004.11.27.37    SAW  
BMNH 2004.11.27.38    SAW  
BMNH 2004.11.27.41    SAW INCOMPLETE  
BMNH 2004.11.27.42    SAW  
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Table XIV. (continued). 
Catalogue number Sex Country Date Specimen condition TL (mm) 
BMNH 1982.9.13.12  IRAQ  SAW  
BMNH 1982.9.13.11  NEW ZEALAND  SAW  
BMNH 2004.11.27.49 F MALAYSIA  COMPLETE DRY 920 
BMNH 2004.11.27.48 M   COMPLETE DRY 1,010 
BMNH 1858.11.19.8 M INDONESIA  COMPLETE DRY 1,005 
BMNH 1996.1.25.4 OR 
2004.11.27.46 
  SAW INCOMPLETE  
BMNH 1849.1.30.21 M SOUTH AFRICA  COMPLETE DRY 2,310 
BMNH 1982.11.2.1 M WPACIFIC  COMPLETE DRY 2,105 
USNM 00170489 F MALAYSIA  COMPLETE WET 912 
USNM 00059857 M AUSTRALIA  COMPLETE WET 795 
USNM 00040003 M AUSTRALIA RCVD ON 2/7/1889 COMPLETE WET 875 
USNM 00232677    SAW  
USNM 00263284    SAW  
MR 0019- GN 3328   < OR = 5/1999 SAW  
MR 0036- GN 3345  AUSTRALIA 1980 SAW  
MR 0037- GN 3346  AUSTRALIA 1980 SAW  
MR 0038- GN 3347  AUSTRALIA 1980 SAW  
MR 0039- GN 3348  AUSTRALIA 1980 SAW  
JS 08 - GN 4073    SAW  
SEAWORLD SAFRICA  SOUTH AFRICA  SAW  
CSIRO CA-3357 [LC] M AUSTRALIA  COMPLETE 686 
ORI-951200 [LC]  SOUTH AFRICA  SAW  
SAM-23005 [LC]  SRI LANKA?  SAW  
SAM/LJVC-930519 [LC] M SOUTH AFRICA  SKELETON 4,262 
SU-40592 [LC]  PAPUA NEW GUINEA 5/1/1929 - 5/31/1929 SAW  
SU-40862 [LC]  PHILIPPINES 9/1/1940 - 9/30/1940 SAW  
 
 
 
Table XV. Genetic distance (uncorrected "p") between members of the largetooth group, P. 
zephyreus, P. microdon, and P. perotteti in relation to other pairs of elasmobranch sister taxa. 
Species pair Partial ND2 
(537bp) 
ND2 
(1044bp) 
ND4 
(712bp)
Cyt b 
(1080bp)
12S 
(829bp) 
RAG-1 
(2570bp) 
GS 
(1017bp)
        
P. zephyreus - P. perotteti 1.90 - - - - - - 
P. zephyreus - P. microdon 2.60 - - - - - - 
P. perotteti - P. microdon 1.90 1.20 0.80 1.10 0.36 0.04 0.23 
        
Rhizoprionodon porosus - R. terraenovae 0.90 1.70 1.30 1.50 0.34 0.04 0.00 
Mustelus asterias - M. manazo 2.00 2.20 2.10 2.70 0.35 0.16 - 
Somniosus microcephalus - S. pacificus 1.30 1.00 0.70 2.10 0.23 0.08 - 
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Table XVI. Pristis microdon, proportional dimensions in percentage of total length. 
 ?, 978 mm ?, 1235 mm M, 833 mm F, 842 mm M, 928 mm F, 1152 mm F, 1180 mm 
M, 840 
mm F, 3032 mm F, 2710 mm
 Mozambique Mozambique Vietnam Indonesia Indonesia Phillipines Phillipines Japan Papua New Guinea 
Papua New 
Guinea 
 Zambeze River, Sena  
Zambeze 
River  
Mekong 
estuary 
Probably 
Batavia Bandjermassin?
Laguna Bay, 
Luzon 
Laguna Bay, 
Luzon  
Lake 
Santani 
Lake 
Santani 
 ZMB 4527 ZMB 7851 MNHN A-3527 
RMNH 
7417 RMNH 7419 ZMB 8305
BMNH 
1872.10.18.142 
ZMB 
33547 
RMNH 
28609 
RMNH 
28608 
02 Rostrum tip to eye   29.7 30.9 28.3  27.5  23.8 24.7 
03 Rostrum tip to spiracle   33.5 34.4 31.3  30.3  26.7 27.3 
04 Rostrum tip to pectoral fin   38.9 27.9 37.1  38.1  36.8 35.8 
05 Rostrum tip to pelvic fin   62.3 64.8 56.5  62.7  60.9 61.6 
06 Rostrum tip to 1st dorsal fin   55.7 58.2 52.0  55.4  54.7 54.4 
07 Rostrum tip to 2nd dorsal fin   74.2 77.7 69.3  75.4  75.9 74.5 
08 Rostrum tip to caudal fin   85.5 89.5 80.6  86.4  88.0 86.3 
09 Rostrum tip to outer nostril 27.3  28.9 29.1 27.6  25.8  22.3 23.1 
10 Rostrum tip to mouth   33.3 33.4 31.7  30.1  26.7 27.5 
11 Rostrum tip to 1st gill   41.1 41.2 39.7    36.3 36.5 
12 Rostrum tip to 5th gill   44.2 44.5 43.4    41.1 40.2 
13 Rostrum tip to cloaca   66.0 65.9 62.7    68.4 64.0 
15 Interdorsal   10.5 10.8 10.6  12.4  12.2 11.3 
19 Distance between eyes   5.5 5.6 4.9 5.6 5.2  6.0 6.0 
20 Distance between spiracles   4.4 4.5 4.0 4.7 4.5  4.8 4.8 
21 Distance between nostrils   2.2 2.2 2.2 2.3 2.3 2.4 2.1 2.2 
28 Mouth width   5.2 5.6 5.0  5.4  6.1 5.8 
30 Nostril Length   2.1 2.0 1.9 1.9 1.9 2.1 2.0 2.0 
32 Clasper length   1.6  1.4      
33 Pectoral fin, anterior margin   10.8 10.1 11.0    14.0 14.0 
34 Pectoral fin, posterior margin   12.7 12.1 12.3    20.0 17.2 
35 Pectoral fin inner margin   5.1 5.5 5.1    6.6 8.1 
36 Pectoral fin base   11.7 9.9 10.2    13.9 11.8 
41 1st dorsal fin, ant. margin   11.4 10.4 9.5      
42 1st dorsal fin post. margin   5.9 5.8 6.2      
43 1st dorsal fin height   6.5 6.1 7.0      
44 1st dorsal fin inner margin   3.1 2.9 2.8    3.1 3.9 
45 1st dorsal fin base   8.4 7.4 6.6    9.1 8.9 
46 2nd dorsal fin ant. margin   10.4 9.5       
47 2nd dorsal fin post. margin   5.4 5.7       
48 2nd dorsal fin height   6.8 5.7       
49 2nd dorsal fin inner marg   3.3 3.3 2.6    3.3 3.3 
50 2nd dorsal fin base   6.3 7.2 5.5    6.4 6.1 
51 Caudal fin upper lobe   16.4 15.7 15.7     16.1 
52 Caudal fin posterior margin   11.9 12.6 11.9    15.4 16.2 
53 Caudal fin lower lobe   8.7 7.3 7.7    8.2 9.2 
54 Rostrum total length 24.4 23.2 25.8 26.7 25.0 24.7 23.3 27.5 20.1 20.6 
55 Rostrum  standard length 23.5 22.0 24.9 25.2 23.0 23.4 22.1 26.2 19.3 21.2 
57 Rostrum width anterior 2.2 2.1 2.5 2.5 2.3 2.5 2.6 2.4 2.2 2.2 
61 Rostrum width posterior 3.7 3.8 4.4 4.2 4.1 4.5 4.5 4.4 4.3 4.4 
62 Inter lat. tooth anterior  0.7 1.0 1.2 0.9 1.4 1.1 1.1 0.9 0.9 
67 Inter lat. tooth posterior  1.1 1.5 1.8 1.4 1.8 1.6 1.5 1.3 1.3 
82 Number of rostral teeth left  21 19 18 20 14 16 21 16 17 
83 Number of rostral teeth right 20 19 19 18 20 15 15 21 17 18 
106 Eye length   1.9 2.0 1.8 1.6  2.0 1.5 1.5 
107 Spiracle length   1.7 1.4 1.3 1.7 2.0  1.7 1.5 
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Table XVII. Summary statistics of morphometric and meristic variables that showed 
significant sexual dimorphism in P. microdon based on ANCOVA. 
N p value Females Males Measurement / 
Count 
 Size*Sex Sex Size LS Mean Std Error Mean LS Mean Std Error Mean 
67 Inter lat. tooth 
posterior 
18  0.0233 <.0001 18.124 0.669 20.721 15.647 0.669 13.050 
82 Number of 
rostral teeth left 
19  0.0094 0.3820 17.208 0.531 17.100 19.546 0.561 19.667 
 
 
 
Table XVIII. Summary statistics of morphometric variables that differed significantly 
between P. microdon and P. perotteti based on ANCOVA. 
N p value P. microdon P. perotteti Measurement / 
Count 
 Spp*Sex Spp Sex Size LS Mean Std Error Mean LS Mean Std Error Mean 
43 1st dorsal fin 
height 
  7 0.0351 0.0337 0.0526 0.0970 67.095 5.107 56.827 109.834 3.981 118.553 
106 Eye length 0.0017 15 0.0465 0.2957 <.0001 22.579 0.696 21.221 16.715 1.176 20.293 
 
 
 
Table XIX. Summary statistics of morphometric and meristic variables that differed 
significantly between P. microdon and P. zephyreus based on ANCOVA. 
N p value P. microdon P. zephyreus Measurement / 
Count 
 Spp*Sex Spp LS Mean Sex Size Std Error Mean LS Mean Std Error Mean 
21 Distance between 
nostrils 
19  0.0313 0.2389 <.0001 24.939 1.427 28.429 30.951 2.038 26.056 
53 Caudal fin lower 
lobe 
9 0.0231 0.0274 
22.677 
0.0103 
0.0090 18.432 
0.1820 <.0001 108.379 1.200 141.184 115.604 1.612 74.258 
57 Rostrum width 
anterior 
48  0.0154 0.1709 <.0001 0.367 27.571 23.947 0.309 20.497 
67 Inter lat. tooth 
posterior 
30  0.0003 <.0001 15.659 0.402 16.886 13.843 0.502 12.226 
82 Number of rostral 
teeth left 
46  <.0001 0.6089 0.287 18.316 19.507 0.239 19.407 
83 Number of rostral 
teeth right 
47  0.0006 <.0001 0.9246 18.290 0.307 18.300 19.865 0.260 19.667 
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Table XX. P. microdon material examined. 
Catalogue number Sex Country or Region Date Specimen condition TL (mm) 
MCZ -1259  PAPUA NEW GUINEA 1906 SAW  
AMNH 49527  THAILAND 1921 
F 
COMPLETE WET 
F COMPLETE WET 
 
SAW 
 
COMPLETE WET 
 
SAW 
 SAW 
F COMPLETE DRY 
MR 0026- GN 3335 
SAW 
12/1999 
 SAW 
 SAW 
 SAW 
COMPLETE WET 
F  
SAM-22785(?) [LC] 
SKELETON WET 
SAW  
MNHN 1938-16  SINGAPURE  SAW  
MNHN A-3527 M VIETNAM  COMPLETE WET 833 
SERET 1  CAMBOJA  SAW  
RMNH 7417 INDONESIA 1879AUCTION COMPLETE WET 842 
RMNH 7419 M INDONESIA 1879AUCTION 928 
RMNH 28609 F PAPUA NEW GUINEA  COMPLETE WET 3,032 
RMNH 28608 F PAPUA NEW GUINEA  COMPLETE WET 2,710 
RMNH D3051  PAPUA NEW GUINEA 12/12/1953 SAW  
RMNH D3103  TANZANIA 1960 SAW  
RMNH D3080  MADAGASCAR 7/5/1864 SAW  
RMNH 4235 INDONESIA 1846 930 
RMNH D3057  PAPUA NEW GUINEA 1954-1955 SAW  
RMNH D3058  PAPUA NEW GUINEA SAW  
RMNH D3055  PAPUA NEW GUINEA 1954 SAW  
RMNH D3052  PAPUA NEW GUINEA < OR = 1935 SAW  
RMNH D3054  PAPUA NEW GUINEA < OR = 1957 SAW  
RMNH D3056  PAPUA NEW GUINEA 1954-1955 SAW  
RMNH D3026  PAPUA NEW GUINEA <  2/111954  
RMNH D2654  INDONESIA  COMPLETE DRY  
ZMB 4527 M MOZAMBIQUE COMPLETE WET 978 
ZMB 8304 M PHILLIPINES  COMPLETE WET 980 
ZMB 8305 F PHILLIPINES  COMPLETE WET 1,152 
ZMB 33545 F PAPUA NEW GUINEA 1913 COMPLETE WET 762 
ZMB 33547 M JAPAN  840 
ZMB 14507  PAPUA NEW GUINEA  SAW + PIECES  
ZMB 14882  TANZANIA SAW  
ZMB 33551  INDIAN OCEAN  SAW  
ZMB 33552  INDIAN OCEAN  SAW  
ZMB 33553  PAPUA NEW GUINEA  SAW  
ZMB 32538  PAPUA NEW GUINEA 11/26/1909 SAW  
ZMB 8695 M PHILLIPPINES  COMPLETE DRY 1,027 
ZMB 8696 F PHILLIPPINES  COMPLETE DRY 998 
ZMB 7851 M MOZAMBIQUE(?)  COMPLETE DRY 1,235 
BMNH 1867.11.28.185 M INDONESIA 1867 COMPLETE WET 880 
BMNH 1872.10.18.142 M PHILLIPINES  COMPLETE WET 1,030 
BMNH 1937.2.17.1  PAPUA NEW GUINEA  SAW  
BMNH 1982.9.13.3  PAKISTAN   
BMNH 1982.9.13.7  ZAMBIA 1854 SAW  
BMNH 1864.6.28.21 MOZAMBIQUE   
BMNH 1845.7.3.174 F INDIA  COMPLETE DRY 1,170 
BMNH 1872.10.18.141 PHILLIPPINES  1,180 
UF 147760 F AUSTRALIA 2000 COMPLETE WET 955 
USNM 00217001 F PAPUA NEW GUINEA 11/27/1975 COMPLETE WET 809 
USNM 00217002 M PAPUA NEW GUINEA 12/7/1975 COMPLETE WET 881 
MR 0008- GN 3317  PAPUA NEW GUINEA < OR = 3/1998 SAW  
MR 0015- GN 3324  INDONESIA EARLY 1998 SAW  
 INDONESIA < OR = 9/1999 SAW  
MR 0031- GN 3340  PAPUA NEW GUINEA 12/1999  
MR 0032- GN 3341  PAPUA NEW GUINEA SAW  
MR 0033- GN 3342 PAPUA NEW GUINEA 12/1999  
JS 05 - GN 3352 AUSTRALIA   
JS 09 - no GN # AUSTRALIA < OR = MID-1960’  
MTUF 30202 [Taniuchi et al. 2003] M MADAGASCAR  789 
Uncatalogued [Taniuchi et al. 2003] MADAGASCAR COMPLETE WET 792 
Uncatalogued [Taniuchi et al. 2003] M MADAGASCAR  COMPLETE WET 793 
Uncatalogued [Taniuchi et al. 2003] M MADAGASCAR  COMPLETE WET 1,450 
CAS-L.Sentani NG [LC]  PAPUA NEW GUINEA  SAW  
 SOUTH AFRICA  SAW, CRANIUM 4,064 
SU-26822 [LC] M PHILIPPINES 5/1/1931 - 5/31/1931 305 
SU-26822  [LC] F PHILIPPINES  COMPLETE  
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Table XXI. Pristis perotteti, proportional dimensions in percentage of total length. 
 F, 1200 mm F, 1595 mm M, 985 mm M, 874 mm F, 784 mm F, 5100 mm F, 2850 mm 
 Unknown Brazil 
(estuary) 
Brazil Brazil Brazil Ivory Coast Senegal 
 Caribbean Amazon river, near Manaus Belem, Para'
Belem and 
environs, Para' 
Amazon River, 
Marajo' Island Sassandra 
 BMNH 1843.2.1.8 INPA uncat 3 MCZ -302A MCZ -302B MCZ -668 
MNHN 1902-
255 
MNHN A-
9699 
02 Rostrum tip to eye  27.1 28.8 28.8 28.8  27.0 
03 Rostrum tip to spiracle  30.2 32.0 32.2 32.1  29.5 
04 Rostrum tip to pectoral fin   38.5 38.3 39.9  37.9 
 
72.1 
 
10.4 
 4.5 
5.3 
2.0 
 
11.8 
 9.3 
17 
 
05 Rostrum tip to pelvic fin   60.2 60.3 61.9  60.7 
06 Rostrum tip to 1st dorsal fin 53.6 53.8 54.7 54.8  54.6 
07 Rostrum tip to 2nd dorsal fin  73.0 72.0 72.8  73.7 
08 Rostrum tip to caudal fin   84.0 83.1 83.8  86.0 
09 Rostrum tip to outer nostril  26.1 27.0 27.2 27.4  27.0 
10 Rostrum tip to mouth  30.5     29.1 
11 Rostrum tip to 1st gill  39.2    38.4 
12 Rostrum tip to 5th gill  42.8     41.1 
13 Rostrum tip to cloaca  67.2      
15 Interdorsal  10.4 10.4 9.6  11.6 
19 Distance between eyes      
20 Distance between spiracles       3.9 
21 Distance between nostrils  2.3 2.3 2.5 2.7  2.6 
28 Mouth width   5.8 5.8  5.3 
30 Nostril Length   1.8 2.0  1.1 
32 Clasper length   1.4 1.5   
33 Pectoral fin, anterior margin   11.9 10.1 10.0 11.4  
34 Pectoral fin, posterior margin  14.2 12.3 11.6 14.0  13.5 
35 Pectoral fin inner margin   6.3 4.2 5.0 4.4  4.0 
36 Pectoral fin base   11.6 10.3 10.0 11.5  1.2 
41 1st dorsal fin, ant. margin  11.1 9.8 9.6 9.6 
42 1st dorsal fin post. margin  8.3 10.0 10.8 10.3  5.8 
43 1st dorsal fin height   6.1 6.5 7.3  6.7 
44 1st dorsal fin inner margin  3.3 2.5 3.0 3.1  2.5 
45 1st dorsal fin base  6.3 6.8 7.7 7.2  7.5 
46 2nd dorsal fin ant. margin  9.7 8.5 9.7 9.9  8.8 
47 2nd dorsal fin post. margin  8.2 8.3 9.1 9.1  6.2 
48 2nd dorsal fin height   6.6 7.1 7.0  6.8 
49 2nd dorsal fin inner marg   2.9 3.0 3.3  2.4 
50 2nd dorsal fin base  6.3 5.7 6.0 5.9  5.4 
51 Caudal fin upper lobe  16.9 15.6 16.0 16.5  13.2 
52 Caudal fin posterior margin  13.2 12.3 13.0 13.6  11.2 
53 Caudal fin lower lobe  8.2 7.3 8.3 10.4  8.4 
54 Rostrum total length 25.6 23.6 24.3 24.8   22.6 
55 Rostrum  standard length 24.8 22.7 23.4 20.1   24.0 
57 Rostrum width anterior 2.3  2.3 2.5   2.2 
61 Rostrum width posterior 4.6 4.2 4.2 4.4 4.8  4.3 
62 Inter lat. tooth anterior 1.0 1.0 0.9 1.0   0.9 
67 Inter lat. tooth posterior 1.6 1.5 1.4 1.5 1.6  1.4 
82 Number of rostral teeth left 19 17 18 19  16 17 
83 Number of rostral teeth right 19 18 19 19  17 
106 Eye length       1.2 
107 Spiracle length      1.4 
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Table XXII. Summary statistics of morphometric and meristic variables that differed 
significantly between P. perotteti and P. zephyreus based on ANCOVA. 
N p value P. perotteti P. zephyreus Measurement / 
Count 
 Spp*Sex Spp Sex Size LS Mean Std Error Mean LS Mean Std Error Mean 
43 1st dorsal fin 
height 
  8 0.0026 0.0025 0.0036 0.0107 108.155 2.319 118.553 67.774 2.472 56.353 
49 2nd dorsal fin 
inner marg 
  8 0.0119 0.0106 0.0152 0.7663 47.137 1.954 47.638 26.601 2.083 25.725 
50 2nd dorsal fin 
base 
  9 0.0243 0.0070 0.0266 0.0001 81.304 1.352 96.642 67.917 1.938 51.018 
52 Caudal fin 
posterior margin 
  9  0.0252 0.2517 
0.0059 
0.3978 19.917 
0.0252 169.927 5.496 202.454 136.461 7.923 100.910 
67 Inter lat. tooth 
posterior 
21  0.0116 <.0001 16.417 0.537 19.812 14.196 0.444 12.226 
82 Number of 
rostral teeth left 
37  0.0003 <.0001 0.0481 18.084 0.321 17.900 19.616 0.188 19.407 
83 Number of 
rostral teeth right 
37  <.0001 <.0001 18.160 0.314 17.800 0.186 19.667 
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Table XXIII. P. perotteti material examined. 
Catalogue Sex Date Specimen condition Country TL (mm) 
INPA uncat 2  < OR = 2002 SAW BRAZIL  
INPA uncat 1  BRAZIL < OR = 2002 SAW 
INPA uncat 3 
 
F COMPLETE WET 
COMPLETE DRY 
ANSP 17388 
1958 
IVORY COAST 
RMNH D3079 
SURINAME 
RMCA 66639 
 
11/20/1959 
RMCA A4-45-P-18 
ZMB 32533 
 
CARIBBEAN SEA 1,200 
4/27/1947 
 
 
12/24/1912 
GUATEMALA 
 
 
< OR = 7/1998 
NICARAGUA  
 
SAW 
PCA 005 
7/1999 
7/1999 
 
 
8/1999 
8/1999  
 
 
F BRAZIL  COMPLETE WET 1595 
FMNH 83732  GULF OF MEXICO SAW  
FMNH 83732  GULF OF MEXICO  SAW  
MCZ -668 BRAZIL 1873 784 
MCZ -302A M BRAZIL 1865 COMPLETE WET 985 
MCZ -302B M BRAZIL 1865 COMPLETE WET 874 
MCZ -667 F BRAZIL 1865 2,131 
AMNH 55624A M NICARAGUA 7/1969 COMPLETE WET 181 
AMNH 11  USA 1910 SAW  
AMNH 49528  BRAZIL 1929 SAW  
 GULF OF MEXICO < 1878 SAW  
ANSP 17390  SURINAME < 1878 SAW  
MNHN 2003-2612  CONGO 1958 SAW  
MNHN 2003-2611  CONGO SAW  
MNHN 2003-2613  CONGO 1958 SAW  
MNHN 1902-255 F IVORY COAST 1902 COMPLETE DRY 5,100 
MNHN A-9699 F SENEGAL  COMPLETE DRY 2,850 
RMNH D3075  12/18/1881 SAW 5,000 
RMNH D3078  LIBERIA < 1927 SAW  
 SURINAME < 1962 SAW  
RMNH D2674   COMPLETE DRY  
RMCA 74723  ANGOLA 1951 SAW  
 CONGO 1951 SAW  
RMCA 68038  CONGO 1951 SAW 
RMCA 68039  CONGO 1951 SAW  
RMCA A4-45-P-12  CONGO SAW  
RMCA A4-45-P-2  CONGO  SAW  
  1951 SAW  
ZMB 16109  ANGOLA  SAW  
 BRAZIL  SAW  
BMNH 1923.11.13.1 F CARIBBEAN SEA COMPLETE WET 412 
BMNH 1982.9.13.4  MEDITERRANEAN?  SAW  
BMNH 1843.2.1.8 F  COMPLETE DRY 
BMNH 2004.11.27.51 SIERRA LEONE  SAW  
IFAN R977 (UB0065) SENEGAL  SAW  
UF UNCAT G. BURGUESS PERO COSTA RICA 1960’ SAW  
USNM 146543b F GUATEMALA COMPLETE WET 777 
USNM 146543 (a-c) F GUATEMALA 4/27/1947 SAW+WET TORSO  
USNM 00110174  BRAZIL 8/1878 SAW 
USNM 00111169  FRENCH GUYANA c. 1830 SAW  
USNM 00111367 NICARAGUA 10/1943 SAW  
USNM 00111369  NICARAGUA 10/1943 SAW  
USNM 00111390  PANAMA SAW  
USNM 00111423a  GUATEMALA 4/10/1946 SAW  
USNM 00111423b  4/10/1946 SAW  
USNM 00111443  GUATEMALA 1947 SAW 
USNM 00232688 VENEZUELA c. 1903 SAW  
USNM 00232689  VENEZUELA c. 1903 SAW  
USNM 00232690  VENEZUELA c. 1903 SAW  
MR 0009- GN 3318  NICARAGUA SAW  
MR 0010- GN 3319  NICARAGUA < OR = 7/1998 SAW  
MR 0011- GN 3320  1991 SAW 
MR 0012- GN 3321  NICARAGUA < OR = 7/1998 SAW  
MR 0013- GN 3322 NICARAGUA 4/1/1998 SAW  
JS 03 - GN 3351     
JS 06 - JSJC1 - GN 4060  USA ca. 1960 SAW  
JS 07 - JSLTNIC - GN 4072  NICARAGUA LATE 1960’ SAW  
PCA 001  BRAZIL 7/1999 SAW  
PCA 002  BRAZIL 7/1999 SAW  
PCA 003  BRAZIL 7/1999 SAW  
PCA 004  BRAZIL 7/1999 SAW  
 BRAZIL 7/1999 SAW  
PCA 006  BRAZIL SAW  
PCA 007  BRAZIL 7/1999 SAW  
PCA 008  BRAZIL 7/1999 SAW  
PCA 009  BRAZIL 7/1999 SAW  
PCA 010  BRAZIL 7/1999 SAW  
PCA 011  BRAZIL 7/1999 SAW  
PCA 012  BRAZIL SAW  
PCA 013  BRAZIL 7/1999 SAW  
PCA 014  BRAZIL 7/1999 SAW  
PCA 015  BRAZIL 7/1999 SAW  
PCA 016  BRAZIL 7/1999 SAW  
PCA 017  BRAZIL 7/1999 SAW 
PCA 018  BRAZIL 8/1999 SAW  
PCA 019  BRAZIL 8/1999 SAW 
PCA 020  BRAZIL SAW  
PCA 021  BRAZIL SAW 
PCA 022  BRAZIL 8/1999 SAW 
PCA 023  BRAZIL 8/1999 SAW  
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Table XXIII. (continued). 
Catalogue Sex Country Date Specimen condition TL (mm) 
PCA 024  BRAZIL 8/1999 SAW  
PCA 025  BRAZIL 9/1999 SAW  
PCA 026  BRAZIL 9/1999 SAW  
SAW  
SAW 
SAW  
BRAZIL SAW 
 
BRAZIL 
 
BRAZIL 
 
BRAZIL SAW 
PCA 048 
 
PCA 057 SAW 
BRAZIL 
SAW 
 
PCA 062  
 
SAW  
BRAZIL 
 
PCA 075 
SAW 
 
PCA 080 
 
 
 
BRAZIL 
BRAZIL 
BRAZIL 
SAW 
 
PCA 027  BRAZIL 9/1999 SAW  
PCA 028  BRAZIL 9/1999 
PCA 029  BRAZIL 9/1999 SAW  
PCA 030  BRAZIL 10/1999  
PCA 031  BRAZIL 10/1999 SAW  
PCA 032  BRAZIL 10/1999 SAW  
PCA 033  BRAZIL 10/1999 
PCA 034  10/1999  
PCA 035  BRAZIL 10/1999 SAW 
PCA 036  11/1999 SAW  
PCA 037  BRAZIL 11/1999 SAW 
PCA 038  BRAZIL 11/1999 SAW  
PCA 039  11/1999 SAW  
PCA 040  BRAZIL 11/1999 SAW  
PCA 041  BRAZIL 11/1999 SAW  
PCA 042  BRAZIL 11/1999 SAW  
PCA 043  BRAZIL 11/1999 SAW  
PCA 044  BRAZIL 11/1999 SAW 
PCA 045  BRAZIL 12/1999 SAW  
PCA 046  BRAZIL 12/1999 SAW  
PCA 047  12/1999  
 BRAZIL 12/1999 SAW  
PCA 049  BRAZIL 1/2000 SAW  
PCA 050  BRAZIL 1/2000 SAW  
PCA 051  BRAZIL 1/2000 SAW 
PCA 052  BRAZIL 1/2000 SAW  
PCA 053  BRAZIL 1/2000 SAW  
PCA 054  BRAZIL 1/2000 SAW  
PCA 055  BRAZIL 1/2000 SAW  
PCA 056  BRAZIL 1/2000 SAW  
 BRAZIL 1/2000  
PCA 058  2/2000 SAW  
PCA 059  BRAZIL 2/2000  
PCA 060  BRAZIL 2/2000 SAW  
PCA 061  BRAZIL 2/2000 SAW 
 BRAZIL 2/2000 SAW 
PCA 063  BRAZIL 3/2000 SAW 
PCA 064  BRAZIL 3/2000 
PCA 065  BRAZIL 3/2000 SAW  
PCA 066  BRAZIL 4/2000 SAW  
PCA 067  BRAZIL 4/2000 SAW  
PCA 068  BRAZIL 4/2000 SAW  
PCA 069  BRAZIL 4/2000 SAW  
PCA 070  BRAZIL 4/2000 SAW  
PCA 071  BRAZIL 5/2000 SAW  
PCA 072  5/2000 SAW  
PCA 073  BRAZIL 5/2000 SAW 
PCA 074  BRAZIL 5/2000 SAW  
 BRAZIL 6/2000 SAW  
PCA 076  BRAZIL 6/2000 SAW  
PCA 077  BRAZIL 6/2000  
PCA 078  BRAZIL 6/2000 SAW 
PCA 079  BRAZIL 6/2000 SAW  
 BRAZIL 7/2000 SAW  
PCA 081  BRAZIL 7/2000 SAW  
PCA 082  BRAZIL 7/2000 SAW 
PCA 083  BRAZIL 9/2000 SAW  
PCA 084  BRAZIL 9/2000 SAW  
PCA 085  BRAZIL 10/2000 SAW  
PCA 086  BRAZIL 10/2000 SAW  
PCA 087  BRAZIL 11/2000 SAW 
PCA 088  BRAZIL 11/2000 SAW 
PCA 089  BRAZIL  SAW  
PCA 090   SAW  
PCA 091   SAW  
PCA 092  BRAZIL  SAW  
PCA 093  BRAZIL  SAW  
PCA 094   SAW  
PCA 095  BRAZIL   
PCA 096  BRAZIL  SAW  
PCA 097  BRAZIL  SAW  
PCA 098  BRAZIL  SAW 
PCA 099  BRAZIL  SAW  
PCA 100  BRAZIL  SAW  
PCA 101  BRAZIL  SAW  
PCA PV JK  BRAZIL  SAW  
PCA PV ITUQ  BRAZIL  SAW  
PCA PV STM1  BRAZIL  SAW  
PCA PV STM2  BRAZIL  SAW  
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Table XXIII. (continued) 
Catalogue Sex Country Date Specimen condition TL (mm) 
PCA PV STM3  BRAZIL  SAW  
PCA MCP1  BRAZIL  SAW  
PCA MCP2  BRAZIL  SAW  
UNCAT ES F BRAZIL  COMPLETE DRY 
SU-34468 [LC]  BRAZIL  SAW  
[BS]  REPUBLIC OF GUINEA C. 1965 SAW  
[BS]  REPUBLIC OF GUINEA  SAW  
[BS]  GUINEA BISSAU  SAW  
[BS]  GUINEA BISSAU 2004 SAW  
[BS]  GUINEA BISSAU 2003 SAW  
[BS]  GUINEA BISSAU 1983 SAW  
 
 
 
Table XXIV. Pristis zephyreus, proportional dimensions in percentage of total length. 
 F, 940 mm F, 951 mm F, 849 mm M, 860 mm F, 877 mm F, 867 mm F, 906 mm 
 Panama Panama Panama Panama Panama Guatemala Guatemala 
  Rio Tuyra, Marrigante     Chiapan Chiapan 
 FMNH 8192 AMNH 44011D 
AMNH 
44011C 
AMNH 
44011B 
AMNH 
44011A 
BMNH 
1864.1.26.288
BMNH 
1864.1.26.287
02 Rostrum tip to eye 25.4 27.9 29.0 29.5 29.3 26.8 27.7 
03 Rostrum tip to spiracle 28.9 31.4 32.4 32.6 32.5 30.6 31.0 
04 Rostrum tip to pectoral fin 37.7 
59.7 
08 Rostrum tip to caudal fin 
30.2 
39.9  
19 Distance between eyes  
6.4 
4.0 
 
14.0 13.1 
10.8 
44 1st dorsal fin inner margin 
 
 
15.3 15.5 
53 Caudal fin lower lobe 
20.8 
61 Rostrum width posterior 
  
18 
 
36.2 39.1 39.8 39.1 38.3 35.3 
05 Rostrum tip to pelvic fin 53.7 60.9 60.0 60.1 59.7 59.2 
06 Rostrum tip to 1st dorsal fin 53.4 54.2 54.5 54.4 55.3 54.6 54.1 
07 Rostrum tip to 2nd dorsal fin 74.4 72.6 73.1 72.4 72.4 71.5 71.7 
86.6 85.2 83.7 84.4 84.2 82.5 83.3 
09 Rostrum tip to outer nostril 23.7 28.5 28.0 28.0 27.6 26.2 27.4 
10 Rostrum tip to mouth  34.2 34.2 32.8 32.6 31.2 
11 Rostrum tip to 1st gill 37.2       
12 Rostrum tip to 5th gill      
13 Rostrum tip to cloaca  69.1 64.7 61.7 63.5   
15 Interdorsal  9.9 11.7 10.2 10.1 12.4 12.9 
6.0    7.5 7.6 
20 Distance between spiracles 4.3     6.5 
21 Distance between nostrils 2.5 2.5 2.5 2.4 2.4 4.3 4.2 
28 Mouth width  5.7 5.6 5.2 5.7 7.4 7.3 
30 Nostril Length 2.0 2.0 2.1 1.9 1.9 3.9 
32 Clasper length    1.6   
33 Pectoral fin, anterior margin 10.3 9.8 11.4 9.5 10.1   
34 Pectoral fin, posterior margin 15.8 12.1 13.4   
35 Pectoral fin inner margin  4.6 5.4 5.0 5.2   
36 Pectoral fin base 9.7 12.3 10.8 10.1 10.9   
41 1st dorsal fin, ant. margin 8.4 10.6 10.4 9.6   
42 1st dorsal fin post. margin  10.5 9.7 10.5    
43 1st dorsal fin height 6.9 6.3 6.1 6.9 6.2   
 3.2 2.8 3.5 3.1   
45 1st dorsal fin base 6.4 7.5 7.1 7.0   
46 2nd dorsal fin ant. margin 9.1 9.9 9.2 10.0 10.2   
47 2nd dorsal fin post. margin  9.2 8.8 8.9 8.9   
48 2nd dorsal fin height 6.4 7.2 7.2 6.5 6.1  
49 2nd dorsal fin inner marg  3.0 2.8 3.1 2.7   
50 2nd dorsal fin base 5.4 5.9 5.7 5.9 5.5   
51 Caudal fin upper lobe 15.8 15.4 15.9   
52 Caudal fin posterior margin  12.2 11.6 11.5 10.3   
10.7 8.7 8.3 8.1 8.3   
54 Rostrum total length 24.2 25.0 25.0 24.4 25.5 26.4 
55 Rostrum  standard length 20.1 23.2 23.8 24.1 23.6 24.7 24.1 
57 Rostrum width anterior 3.1    2.5 4.5  
4.7    4.5 6.4 4.4 
62 Inter lat. tooth anterior    1.0 3.1 
67 Inter lat. tooth posterior     1.6 3.4 1.5 
82 Number of rostral teeth left 17 18 20 21 18 18 ? 
83 Number of rostral teeth right 18 18 20 21 18 20 
106 Eye length      3.9 3.6 
107 Spiracle length     3.4 3.3 
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Table XXV. Summary statistics of morphometric and meristic variables that showed 
significant sexual dimorphism in P. zephyreus based on ANCOVA. 
  N p value Females Males Measurement / 
Count 
 Size*Sex Sex Size LS Mean Std Error Mean LS Mean Std Error Mean 
01 Total length 28  0.0308 <.0001 781.635 10.145 783.313 746.153 11.714 743.917 
35 Pectoral fin inner 
margin 
4  0.0167 0.0204 45.124 0.032 45.030 42.618 0.057 42.900 
43 1st dorsal fin 
height 
4  0.0209 0.0155 55.103 0.081 55.413 60.102 0.142 59.17 
67 Inter lat. tooth 
posterior 
12  0.0050 0.0307 13.209 0.404 13.029 10.849 0.481 11.102 
82 Number of rostral 
teeth left 
27  
27  0.2472 
<.0001 0.0870 18.336 0.183 18.333 20.747 0.204 20.750 
83 Number of rostral 
teeth right 
<.0001 18.681 0.213 18.688 21.100 0.256 21.091 
 
 
 
Table XXVI. P. zephyreus material examined. 
Country or Region Catalogue number Sex Date Specimen condition TL (mm) 
FMNH 8182  PANAMA (EPACIFIC) 3/8-9/1912 COMPLETE WET  
FMNH 8183  PANAMA (EPACIFIC) 3/8-9/1912 COMPLETE WET 895 
FMNH 8184  PANAMA (EPACIFIC) 3/8-9/1912 COMPLETE WET  
FMNH 8186  PANAMA (EPACIFIC) 3/8-9/1912 COMPLETE WET 
 
COMPLETE WET 
PANAMA (EPACIFIC) 
 
PANAMA (EPACIFIC) 
PANAMA (EPACIFIC) 
PANAMA (EPACIFIC) COMPLETE WET 
PANAMA (EPACIFIC) 
  
860 
GUATEMALA (EPACIFIC) 
PANAMA (EPACIFIC) 397 
 
COMPLETE WET 
PANAMA (EPACIFIC) 
M 
PANAMA (EPACIFIC) 
F 
821 
USNM 00111427 
 
 
 
MEXICO < OR = 1940 
 
FMNH 8187  PANAMA (EPACIFIC) 3/8-9/1912 COMPLETE WET 
FMNH 8188  PANAMA (EPACIFIC) 3/8-9/1912  
FMNH 8190  3/8-9/1912 COMPLETE WET  
FMNH 8191 PANAMA (EPACIFIC) 3/8-9/1912 COMPLETE WET  
FMNH 8193  3/18-19/1911 COMPLETE WET 978 
FMNH 8192 F 3/8-9/1912 COMPLETE WET 940 
FMNH 8194 F 3/18-19/1911  
FMNH 8185  3/8-9/1912 COMPLETE WET  
FMNH 8189 PANAMA (EPACIFIC)   
AMNH 44011D F PANAMA (EPACIFIC) 1924 COMPLETE WET 951 
AMNH 44011C F PANAMA (EPACIFIC) 1924 COMPLETE WET 849 
AMNH 44011B M PANAMA (EPACIFIC) 1924 COMPLETE WET 
AMNH 44011A F PANAMA (EPACIFIC) 1924 COMPLETE WET 877 
BMNH 1864.1.26.288 F  COMPLETE WET 867 
BMNH 1864.1.26.287 F GUATEMALA (EPACIFIC)  COMPLETE WET 906 
BMNH 1924.8.29.1-10A F PANAMA (EPACIFIC)  COMPLETE WET 403 
BMNH 1924.8.29.1-10B F  COMPLETE WET 
BMNH 1924.8.29.1-10C F PANAMA (EPACIFIC)  COMPLETE WET 396 
BMNH 1924.8.29.1-10D F PANAMA (EPACIFIC) COMPLETE WET 381 
BMNH 1924.8.29.1-10E M PANAMA (EPACIFIC)  COMPLETE WET  
BMNH 1924.8.29.1-10F M PANAMA (EPACIFIC)  COMPLETE WET 380 
BMNH 1924.8.29.1-10G  PANAMA (EPACIFIC)  COMPLETE WET 385 
BMNH 1924.8.29.1-10H M PANAMA (EPACIFIC)  COMPLETE WET 406 
BMNH 1924.8.29.1-10I M PANAMA (EPACIFIC)  390 
BMNH 1924.8.29.1-10J M PANAMA (EPACIFIC)  COMPLETE WET 402 
BMNH 1924.8.29.1-10K   COMPLETE WET 390 
UF 210978 / Z 7525  ECUADOR 9/1961 SAW  
USNM 00222034 F PANAMA (EPACIFIC) 3/3/1967 COMPLETE WET 870 
USNM 00081072 F PANAMA (EPACIFIC)  COMPLETE WET 944 
USNM 00079308 M PANAMA (EPACIFIC)  COMPLETE WET 845 
USNM 00086070 M PANAMA (EPACIFIC)  COMPLETE WET 1,139 
USNM 00081067 F PANAMA (EPACIFIC)  COMPLETE WET 926 
USNM 00081069 PANAMA (EPACIFIC)  COMPLETE WET 780 
USNM 00081068 F PANAMA (EPACIFIC)  COMPLETE WET 866 
USNM 00081071 M PANAMA (EPACIFIC)  COMPLETE WET 894 
USNM 00081073 F  COMPLETE WET 1,000 
USNM 00081070 PANAMA (EPACIFIC)  COMPLETE WET 950 
USNM 00086069 M PANAMA (EPACIFIC)  COMPLETE WET 
USNM 00081074 F PANAMA (EPACIFIC)  COMPLETE WET 950 
USNM 00081066 M PANAMA (EPACIFIC)  COMPLETE WET 810 
USNM 00021789  PERU OR ECUADOR  SAW  
 GUATEMALA 5/28-29/1947 SAW  
USNM 00232697  ECUADOR SAW  
USNM 00232698  EPACIFIC  SAW  
USNM 00232965 PANAMA (EPACIFIC)  SAW  
UNCAT ROBERTSON (CT24DJ) PANAMA (EPACIFIC) 1995 SAW 
LACM 42018.001 (A426 Maz.) [LC] MEXICO (EPACIFIC)  SAW  
LACM 42019.001 (F252 Baja) [LC] MEXICO (EPACIFIC)  SAW  
SIO-11-49-110 Nic [LC]  NICARAGUA (EPACIFIC)  SAW  
SU-11892 [LC] M PANAMA (EPACIFIC) 1/10/1896 - 2/24/1896 COMPLETE WET 888 
SU-12670 [LC] M MEXICO (EPACIFIC) 12/24/1894 - 1/25/1895 COMPLETE/SKIN/ WET 1,200 
SU-34467 [LC]  SAW  
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Table XXVII. Anoxypristis cuspidata, proportional dimensions in percentage of total length. 
 F, 801 mm M, 654 mm M, 657 mm M, 646 mm F, 705 mm F, 799 mm F, 1185 mm M, 583 mm F, 686 mm F, 2125 mm 
 Unknown India India India India India India India Indonesia Unknown 
 Indian Ocean Coromandel, Pondichery 
Coromandel, 
Pondichery Malabar Malabar Malabar    West Pacific
 MNHN 0000-3459 
MNHN 0000-
1234A 
MNHN 0000-
1234B 
MNHN 0000-
1236 
MNHN A-
7909 
MNHN 
0000-1250
BMNH 
1849.7.27.28
BMNH 
1850.11.18.63 
BMNH 
1867.11.28.186 
BMNH 
1982.11.2.2 
02 Rostrum tip to eye 28.7 31.7 31.7 29.9 31.5 31.3 27.4 30.9 29.4 28.7 
03 Rostrum tip to spiracle 30.6 33.9 34.6 33.3 34.3 34.4 29.5 34.5 32.1 30.8 
04 Rostrum tip to pectoral fin 41.1 43.0 43.1 44.0 43.1 44.2 39.4 43.1 41.1 39.7 
05 Rostrum tip to pelvic fin 55.1 59.3 59.8 59.1 59.1 59.4 57.0 59.7 57.0 55.5 
06 Rostrum tip to 1st dorsal fin 59.8 62.2 62.9 62.8 61.4 65.0 61.4 63.5 60.8 57.9 
07 Rostrum tip to 2nd dorsal fin 76.9 77.5 77.9 78.0 77.7 80.1 79.8 62.6 76.1 78.1 
08 Rostrum tip to caudal fin 87.1 87.9 87.5 87.3 86.8 89.5 89.5 89.2 86.3 88.1 
09 Rostrum tip to outer nostril 27.3 30.3 30.6 28.8 30.2 29.9 26.3 30.2 30.2 27.1 
10 Rostrum tip to mouth  34.1 33.8 33.6 34.6 34.5 28.7 34.3 33.5 31.8 
11 Rostrum tip to 1st gill 40.1 43.1 42.9 42.6 44.3 30.7     
12 Rostrum tip to 5th gill 42.8 46.9 46.4 45.5 46.2 33.7 
63.2 
2.1 
 
10.1 
4.5  
36 Pectoral fin base 7.8 9.3 7.3  
9.2 8.3 8.9 
8.1 9.3 
7.6 8.5 
4.1 
4.5 
5.5 
3.4 
12.2 12.1 
9.3 
8.2 
29.6 
23.9 
1.5 
2.9 
0.4 
1.2 
24 25 
2.3  
 
    
13 Rostrum tip to cloaca  63.8 62.7 63.2 62.8     
15  Interdorsal 12.2 10.1 11.3 11.2 11.2 10.4 13.5 12.1 11.9 13.2 
19 Distance between eyes 3.7 3.7 3.1 4.4 4.1 4.2 4.1 3.7 3.7 2.8 
20 Distance between spiracles 3.3 3.7 3.4 4.0 3.6 3.8 3.4 3.6 3.7 2.7 
21 Distance between nostrils 2.0 2.5 2.3 2.4 2.5 2.4 1.7 2.1 2.5  
28 Mouth width 3.5 4.9 4.9 5.2 4.9 5.0 3.5 4.6 5.2 4.0 
30 Nostril Length 1.7 2.3 2.2 2.3 2.2 1.4 1.9 2.1  
32 Clasper length  1.7 1.7 1.8    4.1  
33 Pectoral fin, anterior margin 7.5 11.0 11.0 11.2 13.1 9.4    10.6 
34 Pectoral fin, posterior margin 9.6 9.4 10.1 10.1 10.3 9.0    
35 Pectoral fin inner margin 2.6 4.0 3.8 4.1 4.6   2.4 
6.7 7.9 8.6   7.5 
41 1st dorsal fin, ant. margin  8.6 9.6    10.8 
42 1st dorsal fin post. margin  7.6 5.9 7.2    6.6 
43 1st dorsal fin height  7.7 7.3 8.3    8.4 
44 1st dorsal fin inner margin  4.2 4.1 5.2 4.7    5.0 
45 1st dorsal fin base  4.9 4.5 4.2 4.7    5.9 
46 2nd dorsal fin ant. margin  4.2 8.2 7.5 8.7 9.3    10.1 
47 2nd dorsal fin post. margin  7.3 4.7 7.3 7.6    7.5 
48 2nd dorsal fin height  7.1 6.9 6.0 7.9 8.1    8.3 
49 2nd dorsal fin inner marg  3.9 4.0 4.6 4.6    4.7 
50 2nd dorsal fin base 5.2 4.2 3.5 4.0 4.2 4.0    4.7 
51 Caudal fin upper lobe 11.9 12.2 11.3 13.6    13.2 
52 Caudal fin posterior margin 6.8 8.3 6.7 7.4 11.6    10.8 
53 Caudal fin lower lobe 6.9 8.0 7.5 8.7 8.5    8.9 
54 Rostrum total length 26.3 29.0 27.6 29.4 28.9 25.3 29.0 28.1 26.8 
55 Rostrum  standard length 21.3 23.5 23.0 24.5  19.2 23.5 23.1 21.5 
57 Rostrum width anterior 1.5 1.7 1.7 1.6 1.6 1.4 1.7 1.6 1.3 
61 Rostrum width posterior 2.5 2.8 3.0 2.7 2.8 2.2 2.9 2.8 2.4 
62 Inter lat. tooth anterior 0.3 0.3 0.4 0.4 0.4 0.2 0.3 0.3 0.1 
67 Inter lat. tooth posterior 1.2 1.4 1.2 1.5 1.3 1.2 0.9 1.3 1.2 
82 Number of rostral teeth left 27 25 25 27 26 26 24 30 
83 Number of rostral teeth right 26 25 25 25 25 26 27 23 25 29 
106 Eye length  2.4 2.4 33.7 2.4    
107 Spiracle length  1.8 1.8 2.5 1.8 1.9    
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Table XXVIII. A. cuspidata material examined. 
Catalogue number Sex Country or Region Date Specimen condition TL (mm) 
FMNH 13267  INDONESIA  SAW  
FMNH 13268  INDONESIA  SAW  
FMNH 59931 
 
  
ANSP 51299  
 
 
 
COMPLETE WET 
RMNH 7420B 
RMNH D3066 
 
 
INDIA 
ZMB 33580  
ZMB 33581   
  
  
  
 
INDONESIA 1867 
INDIA 
  
BMNH 1862.7.18.4  
 
BMNH 1862.7.18.6 
 
BMNH 1862.7.18.9 
 
BMNH 1850.11.18.61 INDIA OR INDONESIA 531 
 
 
BANGLADESH 
MR 0003- GN 3312 
 
< OR = 11/1998  
< OR = 4/1999 
< OR = 4/1999 
 < OR = 5/1999 
   SAW  
FMNH 59933   SAW  
FMNH 91306 F INDIA 7/27/1976 COMPLETE WET 285 
MCZ-669A   SAW 
MCZ-669B    SAW  
MCZ 153654    SAW  
AMNH 44009 F INDONESIA 1931 COMPLETE WET 1,206 
M INDIA COMPLETE WET 545 
YPM 11731  CHINA  SAW  
YPM 11947  < 1898 (< 3/1953?) SAW  
MNHN 1986-1076    SAW 
MNHN 1986-1075    SAW  
MNHN 1986-1078 INDIAN OCEAN  SAW  
MNHN 0000-3459 F INDIAN OCEAN  COMPLETE DRY 801 
MNHN 0000-1234A M INDIA  COMPLETE WET 654 
MNHN 0000-1234B M INDIA  COMPLETE WET 657 
MNHN 0000-1236 M INDIA  COMPLETE WET 646 
MNHN A-7909 F INDIA  COMPLETE WET 705 
MNHN 0000-1250 F INDIA  799 
RMNH 7420A M INDONESIA < 1879 COMPLETE WET 782 
F INDONESIA < 1879 COMPLETE WET 716 
RMNH 8003 M INDONESIA (O. I. ARCH) 1852/1854 COMPLETE WET 717 
RMNH 4846 M INDONESIA ("ARCH. IND.")  COMPLETE WET 645 
RMNH D2750 F   COMPLETE DRY 618 
RMNH D3062  INDONESIA  SAW  
RMNH D3064  PAPUA NEW GUINEA 3/1955 SAW  
 PAPUA NEW GUINEA 3/1955 SAW  
RMNH D3067  PAPUA NEW GUINEA  SAW  
RMNH D3061    SAW  
RMNH D3068   11/15/1966 SAW  
RMNH D3063   < 1938 SAW  
RMNH D3065   SAW  
ZMB 4523   COMPLETE WET 555 
ZMB 32537   SAW  
  COMPLETE DRY  
 COMPLETE DRY  
ZMB 33582  COMPLETE DRY  
ZMB 33583    SAW  
ZMB 33584  SAW  
ZMB 32536  SAW  
ZMB 13412    COMPLETE DRY  
ZMB 14688   COMPLETE DRY  
BMNH 1983.1.7.4 M AUSTRALIA/INDONESIA  COMPLETE WET 697 
BMNH 1867.11.28.186 F COMPLETE WET 686 
BMNH 1866.8.14.2 M   COMPLETE WET 655 
BMNH 1906.10.24.11 F  COMPLETE WET 349 
BMNH 1963.9.26.1 M PERSIAN GULF  COMPLETE WET 1,215 
BMNH 1867.4.2.197    SAW  
BMNH 1862.7.18.3  SAW  
  SAW  
BMNH 1862.7.18.5   SAW  
   SAW  
BMNH 1862.7.18.7   SAW  
BMNH 1862.7.18.8    SAW  
   SAW  
BMNH 1982.9.13.2    SAW  
BMNH 2004.11.27.44    SAW  
BMNH 2004.11.27.45    SAW  
BMNH 1982.9.13.1  PERSIAN GULF  SAW  
BMNH 1849.7.27.28 F INDIA? COMPLETE DRY 1,185 
BMNH 1858.3.17.8 F   COMPLETE DRY 1,225 
BMNH 1960.4.1.1 M   COMPLETE DRY 1,040 
F  COMPLETE DRY 
BMNH 1850.11.18.50    COMPLETE DRY 555 
BMNH 2004.11.27.50  INDIA  SAW HEAD  
BMNH 1850.11.18.63 M INDIA OR BORNEO  COMPLETE DRY 583 
BMNH 1860.3.19.1464 M EINDIAN OCEAN COMPLETE DRY 1,170 
BMNH ACUSP_SEC_B F   COMPLETE DRY 3,280 
BMNH 1844.3.25.143 / 2004.11.27.52  MYANMAR (BURMA)  SAW  
BMNH 1880.1.3.2  “ATLANTIC...”  SAW  
BMNH 1982.11.2.2 F WPACIFIC (EAST INDIES)  COMPLETE DRY 2,125 
USNM 00232695  INDIA  SAW 
USNM 00367980  c. 1961 - 1964 SAW  
  < OR = 5/1994 SAW  
MR 0004- GN 3313  < OR = 7/1994 SAW  
MR 0005- GN 3314   < OR = 7/1994 SAW  
MR 0014- GN 3323  AUSTRALIA SAW 
MR 0016- GN 3325  AUSTRALIA SAW  
MR 0017- GN 3326  AUSTRALIA SAW  
MR 0018- GN 3327  SAW  
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Table XXVIII. (continued). 
Catalogue number Sex Country or Region Date Specimen condition TL (mm) 
MR 0028- GN 3337   < OR = 11/1999 SAW  
MR 0034- GN 3343  PAPUA NEW GUINEA < OR = 10/2000 SAW  
JS 04 - no GN    < OR = early 1980’ SAW  
MR 0040  IRAN  SAW  
AMS-I-15557-006 [LC] F AUSTRALIA  COMPLETE 557 
UNCAT CAS? (CAS 1975-IX:29) [LC] M PAKISTAN 1975? COMPLETE 528 
UNCAT CAS? (CAS 1975-IX:29) [LC] F PAKISTAN 1975? COMPLETE 512 
UNCAT CAS? (CAS 1975-IX:29) [LC] M PAKISTAN 
COMPLETE 
M 
THAILAND 
COMPLETE 
THAILAND 
THAILAND 
THAILAND 
1975? SKELETON 510 
UNCAT CAS? (CAS 1975-IX:29) [LC] F PAKISTAN 1975? 518 
UNCAT CAS? (GVF-2487) [LC] M THAILAND  COMPLETE 770 
UNCAT CAS? (GVF-2487) [LC] F THAILAND  COMPLETE 665 
UNCAT CAS? (GVF-2513) [LC] THAILAND  COMPLETE 1,660 
UNCAT CAS? (GVF-2513) [LC] F  COMPLETE 1,372 
UNCAT CAS? (GVF-2563) [LC] F THAILAND  1,540 
UNCAT CAS? (GVF-2563) [LC] F THAILAND  COMPLETE 1,556 
UNCAT CAS? (GVF-60-109) [LC] F THAILAND  COMPLETE 1,404 
UNCAT CAS? (GVF-60-134) [LC] M  COMPLETE 586 
UNCAT CAS? (GVF-60-134) [LC] F THAILAND  COMPLETE 575 
UNCAT CAS? (GVF-60-134) [LC] F THAILAND  COMPLETE 561 
UNCAT CAS? (GVF-60-134) [LC] M THAILAND  COMPLETE 575 
UNCAT CAS? (GVF-60-210) [LC] F THAILAND  COMPLETE 920 
UNCAT CAS? (GVF-60-397) [LC] F  COMPLETE 515 
UNCAT CAS? (GVF-81) [LC] F  COMPLETE 1,154 
UNCAT CAS? (GVF-81) [LC] M THAILAND  COMPLETE 1,008 
UNCAT CAS? (GVF-81) [LC] M THAILAND  COMPLETE 752 
SU-14514 [LC] F INDIA 1/14/1941 COMPLETE WET 610 
SU-18036 [LC] M SINGAPORE 2/22/1937 COMPLETE WET 692 
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CHAPTER 3. SAWFISH MOLECULAR PHYLOGENY 
 
A paper to be submitted to Molecular Phylogenetics and Evolution 
 
Vicente Faria 
 
Abstract 
The sawfishes comprise two genera, Anoxypristis and Pristis. They are informally 
classified into three morphological groups: the knifetooth sawfish, belonging to the 
monotypic genus Anoxypristis; and three species each of smalltooth and largetooth sawfish, 
all of which comprise the genus Pristis. Besides this traditional division, a formal hypothesis 
about sawfish phylogeny has never been postulated. The aims of this study are to better 
understand the evolutionary interrelationships among modern sawfishes and to investigate 
the degree of congruence between the history of the group and the history of the areas in 
which its members reside. To achieve this we constructed a molecular phylogeny of 
sawfishes based on 7,000 DNA nucleotide characters from both mitochondrial and nuclear 
genes. The inferred sawfish relationships were then used as characters for reconstruction of 
area cladograms. The prevailing phylogeny is consistent with morphology-based groups. 
Anoxypristis is sister to Pristis. Within the smalltooth clade P. clavata is basal to sister 
species P. zijsron and P. pectinata. Inferences on the relationships within the largetooth clade 
were limited due to the small sequence (531 bp) available from P. zephyreus (obtained from 
a single dry rostrum sample), which limited the size of the dataset. Despite this, the topology 
obtained was robust and suggested that P. zephyreus is basal to sister species P. microdon 
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and P. perotteti. Speciation events postulated by the phylogenetic tree were congruent with 
the area cladogram, suggesting current sawfish distribution is the product of a long history of 
association between sawfishes and the areas in which they occur. Possible influence of major 
geological events hypothesized to have promoted allopatric speciation in other tropical 
marine groups are likely to have also influenced diversification in the sawfishes.  
 
Introduction 
The sawfishes are among the largest vertebrates in the marine realm, attaining sizes 
up to 6m in total length. They are circumglobally distributed in tropical coastal waters. While 
sawfishes have a shark-like body, they are actually batoids, along with skates, rays and 
guitarfishes. They are readily recognized by their characteristically expanded rostrum which 
is flattened dorso-ventrally and has rows of 15 to 34 rostral protrusions referred to as “rostral 
teeth.” 
The lineage that includes the modern sawfishes, the Pristidae, is believed to have its 
first appearance during the lower Eocene, about 56mya. Nevertheless, the origin of a 
potential “oldest pristid” (Peyeria lybica) is dated as early as 100mya (Cappetta, 1987; 
Kriwet, 2004). Modern sawfish differ from the earlier sclerorhynchid sawfishes (100mya) in 
dental and skeletal characters including anatomy of pectoral fins and rostral teeth mode of 
attachment (Kriwet, 2004). The relationship between earlier and modern lineages is still 
uncertain. Some authors argue that sclerorhynchids and pristids (and also the sawsharks, the 
pristiophorids) have independent origins and are an example of convergent evolution 
(Schaeffer, 1963; Cappetta, 1987; Kirkland and Aguillon-Martinez, 2002; Kriwet, 2004). 
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Within modern batoids, the position of sawfishes is uncertain, although they are 
generally considered to be among the most basal lineages (McEachran and Aschliman, 
2004). Sawfish have recently been the subject of much attention since they play a key role in 
the two competing hypotheses for the classification of elasmobranchs: (1) batoids as derived 
sharks (Shirai, 1992; Shirai, 1996; de Carvalho, 1996; de Carvalho and Maisey, 1996) and 
(2) batoids and sharks as sister taxa (Douady et al., 2003; Maisey et al., 2004; Winchell et 
al., 2004; Naylor et al., 2005). The first hypothesis considers sawfish the sister group to 
sawsharks, as the most basal batoids, and an evolutionary link between sharks and batoids 
(based on morphology). The second hypothesis places sawfishes as one of the basal batoids 
and is primarily supported by molecular data. 
 Extant pristids are classified into two genera, Anoxypristis (monotypic) and Pristis. 
Anoxypristis and Pristis differ in several features of external morphology and internal 
anatomy, especially for the rostrum (Hoffman, 1912; Cappetta, 1987; Deynat, 2005). 
Anoxypristis is informally called the knifetooth sawfish, due to its flattened rostral teeth with 
sharp edges (in Pristis the posterior edge is concave). External morphological differences 
within Pristis suggest its division into two groups, smalltooth and largetooth (this 
terminology originated due to taxonomical misunderstanding of differences in “[rostral] tooth 
size”, Chapter 2). The smalltooth and largetooth sawfish groups each contain three species 
(Chapter 2). The largetooth group comprises P. microdon, P. perotteti, and P. zephyreus. The 
smalltooth group comprises P. pectinata, P. zijsron, and P. clavata. Besides the traditional 
division into three morphological groups, a formal hypothesis about sawfish relationships has 
never been postulated. For centuries the taxonomy of this group has been unsettled, which 
has prevented study of the evolution of the group. 
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The theory of allopatric speciation models was proposed by Dobzhanski (1937) and 
Mayr (1942) and applied to the marine environments with the work of Mayr (1954). This 
theory states that a primary force in the evolution of new species is the creation of a barrier 
due to which, given enough time, reproductive isolation may develop, and even if the 
resulting new species come into contact again in the future they may have diverged to such 
an extent that they would not be able to rejoin as a single species (see review in Palumbi 
1994). Several studies on a global or ocean basin scale have confirmed the importance of 
allopatric processes in speciation of marine organisms, mainly through studies of dispersal 
barriers (Lessios et al., 1998; Lessios et al., 1999; McCartney et al., 2000). Given the present 
circumtropical distribution of modern sawfishes, their ocean basin endemic distribution, age 
(56mya) and geographical distribution of fossils (most found from northern Africa to 
Europe), it is likely that allopatric speciation may have been of influential in the 
diversification of sawfishes. Nevertheless, the lack of explicit phylogenetic hypotheses for 
individual sawfish clades makes it difficult to formulate rigorous explanations about their 
origins and historical biogeography. 
The aim of this study was to better understand the evolutionary relationships of 
modern sawfishes. To achieve this we constructed a molecular phylogeny of sawfishes based 
on DNA nucleotide characters from both mitochondrial and nuclear genes. A second goal 
was to investigate the degree of congruence between the history of the group and the history 
of the areas in which its members reside. The inferred sawfish relationship obtained from 
DNA sequence analyses was then used as characters for reconstruction of area cladograms. 
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Material & Methods 
Taxonomic sampling.  Samples of six out of seven known sawfish species were taken 
from specimens captured for tag-release research (fin clips) and evolutionary research 
purposes (liver and muscle tissue), or purchased from the fishery trade (rostrum tissue) by 
collaborators. These are hereafter referred to as “field” samples and represent the species A. 
cuspidata, P. pectinata, P. zijsron, P. clavata, P. microdon, and P. perotteti. Samples for the 
seventh sawfish species, P. zephyreus, were obtained from old, dry isolated rostra. These are 
hereafter referred as “museum” samples (Table 1). Samples were stored in 95% ethanol or 
20% dimethyl sulfoxide DMSO, with the exception of one P. zephyreus sample (UF 210978 / 
Z7525), which was stored dry. 
Due to uncertainties in the position of sawfishes in relation to other Chondrichthyes, a 
large spectrum of candidate outgroup species was investigated. Chimaeras (considered basal 
to other elasmobranches) and both basal and derived shark and batoid taxa were selected as 
candidate outgroup species, totaling fourteen species (Table 1). DNA sequences and tissue 
samples of ten of these species were sent by collaborators, while sequences from remaining 
four were compiled from GenBank. 
Collection of molecular data.  Total DNA from field samples was extracted using 
Roche High Pure PCR Template Preparation (Roche Applied Science, Indianapolis, IN, 
USA) following the manufacturer’s protocol for mammal samples. One or two field samples 
of each species were sequenced for gene regions of both mitochondrial (mtDNA) and nuclear 
genome, which represent different rates of evolution. From the mtDNA we obtained 
complete protein coding regions of NADH-dehydrogenase subunit 2 (ND2) and Cytochrome 
b (Cyt b), partial coding region of the NADH-dehydrogenase subunit 4 (ND4), and partial 
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12S ribosomal RNA gene (12S). Partial coding regions of two single copy nuclear genes 
were sequenced: Recombination activation gene subunit 1 gene (RAG-1) and Acetylcholine 
transporter gene (ACT). 
The two museum samples of P. zephyreus were managed in a separate building in a 
laboratory free of Polymerase Chain Reaction (PCR) amplifications of any nature to 
minimize the risk of contamination. Isolation of total DNA was done using the 
GENECLEAN kit for ancient DNA (BIO101, CA) following manufacturer’s protocol. Four 
fragment regions of the mtDNA ND2 gene (between 220 and 350 bps) were amplified from 
one dry rostrum sample of P. zephyreus (the second sample did not provide useful DNA). 
DNA amplification of targeted genes was done using the PCR technique using gene-
specific primers (Table 2). Amplification products were used as templates in chain-
termination reactions using fluorescently labeled chain terminators, which were later purified 
and sent to the DNA and Synthesis Facility at Iowa State University and Florida State 
University for sequencing. 
Phylogenetic analyses.  Sequences from the automated sequencer were manipulated 
using Sequence Navigator (Parker, 1997). All sequences were aligned manually using Se-Al 
v2.0a11 (Rambaut, 1996). For protein coding sequences, amino acid translation was used to 
guide placement of gaps to preserve the reading frame. Regions of non-protein coding 
sequences (from 12S) in which homology was ambiguous were excluded from subsequent 
analyses. 
Genes used in this study may vary considerably in terms of rate and mode of 
evolution due to their different origin and posttrancriptional fates (e.g. nuclear vs. 
mitochondrial, and ribosomal vs. protein coding). Therefore, in order to have a better 
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understanding of phylogenetical signal from each dataset, each gene was analyzed 
independently (López et al., 2000).  
Parsimony (MP) and maximum-likelihood (ML) analyses were performed using 
PAUP* (Swofford, 2000). Maximum parsimony analyses were performed using heuristic 
searches with starting trees obtained via stepwise addition, simple addition sequence 
replicates, and tree-bisection-reconnection (TBR) branch swapping algorithm. Support for 
each node from the majority consensus tree from each dataset was investigated with 100 
bootstrap pseudo-replicates (Felsenstein, 1985). Two series of MP analyses were performed, 
first with all available outgroup species for each gene, and second, with outgroup species 
chosen to minimize average GC base composition differences between the ingroup and 
outgroup. This was done because substitutional bias has been shown to be important in 
phylogenetic inference (Lockhart et al., 1992). GC content was investigated using DRUIDS 
(Fedrigo et al., 2005). The sharks Somniosus microcephalus and Mustelus asterias, and the 
batoid Dasyatis annotata had GC content within sawfish GC content range across the genes 
(Table 3). These three species were then selected for further analysis and will henceforth be 
referred as “selected outgroup”. 
In all single gene analyses, P. microdon and P. perotteti were the only largetooth 
species included. Therefore, throughout the text, the expression “monophyletic largetooth” 
will mostly refer to these two species. Analyses including all three largetooth were restricted 
to a subset of ND2 (referred to as “partial ND2”). Maximum parsimony analyses were 
performed on both nucleotides and inferred amino acid sequences for this dataset. 
MP analyses of Cyt b, ND2, 12S, and ACT genes were robust to outgroup selection. 
For the two remaining genes, RAG-1 and ND4, analyses including the selected outgroup 
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species resulted in an improved resolution or recovery of classical morphology-based groups. 
Based on these results, subsequent analyses (ML, split decomposition, and saturation plot) 
utilized the three selected species as the outgroup. 
In ML, each of the six individual genes was subjected to heuristic searches using 
Jukes Cantor (JC) (Jukes and Cantor, 1969), Kimura two-parameter (K2P) (Mimura, 1980), 
Hasegawa-Kishino-Yano (HKY85) (Hasegawa et al., 1985), and general time-reversible 
(GTR) (Lanavé et al. 1984) models. Each of those were investigated under three different 
models of among site rate variation (ASRV): (a) no rate of variation; (b) rate variation 
approximated by a discrete gamma distribution, Γ (Yang, 1994); and (c) a discrete gamma 
model Γ + invariant sites I (Yang, 1996). 
 After concluding individual gene analyses, ML analyses were performed on a 
combined sequence dataset including all six genes (7,044 bp) to evaluate the overall 
robustness of the independent analyses. Support for each node was investigated with 100 
bootstrap pseudo-replicates (Felsenstein, 1985). The evolutionary model for the combined 
dataset was selected using HyPhy (Pond et al., 2005) with the hierarchical and Akaike 
information criterion model comparison methods of ‘ModelTest’ originally developed by 
Posada and Crandall (1998). Different gene analyses often yield different phylogenetic trees. 
It has been advocated that adding more data will make the phylogenetic inference more 
accurate (Rokas et al., 2003). However, this is only true if the conflicting signal is stochastic 
and not caused by a systematic bias (Collins et al., 2005). In order to verify that the six-gene 
datasets with nine taxa (six ingroup species and the selected outgroup species) are 
compatible, a Likelihood Heterogeneity Test (LHT; Huelsenbeck and Bull, 1996) was 
conducted. This method distinguishes whether a conflicting phylogenetic signal between 
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datasets is due to stochastic variation or to different evolutionary process of nucleotide 
substitution. There are two hypotheses: H0: all partitions are underlined by the same 
phylogeny (constrained or null hypothesis); H1: different trees underline each partition 
(relaxed or alternative hypothesis). The hypothesis comparison is performed using a 
likelihood ratio test: δ = 2(ln L1 - ln L0). L0 being the likelihood under H0 and L1, the 
likelihood under H1. The statistical significance is assessed by parametric bootstrap. This 
algorithm was implemented with HyPhy’s batch language capability. 
Saturation plots and split decomposition graphs.  The nature of variation in the 
phylogenetic signal among genes was explored based on two analyses: saturation plot and 
split decomposition graphs. Saturation due to multiple hits may compromise the phylogenetic 
signal in sequence data. For each gene, we generated most parsimonious trees from which 
patristic distances were computed. Pair-wise genetic distances under the HKY 85 model were 
calculated and plotted against the corresponding patristic distance. This provided a graphical 
indication of the relative extent of saturation of each gene (Naylor et al., 2005). A linear 
relationship between pair-wise genetic and patristic distance is suggestive of absence of 
saturation. Conversely, a much wider spread is suggestive of saturation. Quantification of 
each pattern was assessed by estimation of a regression between distances (r2). 
Polytomies in a phylogenetic tree may result from lack of synapomorphies, or the 
presence of conflicting information (“conflict” being defined as a situation in which a locus 
indicates bifurcations that cannot be reconciled, resulting in a polytomy). We investigated 
possible sources of conflict with split decomposition graphs using Splitstree (v. 2.04, Huson, 
1998). Split graphs use parsimony based split decomposition or spectral analysis to 
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graphically reveal support for conflicting alternative groupings in the dataset (Bandelt and 
Dress, 1992; Hendy and Penny, 1993; Page and Holmes, 1998). 
Area cladogram.  After reconstruction of sawfish phylogeny, the historical 
involvement of areas in the evolution of species was investigated. This was done by 
reconstruction of area cladograms (Brooks and McLennan, 1991). First, each taxon and each 
internal branch of the tree was arbitrarily numbered for additive binary coding, giving each 
species a “code” that indicated both its identity and its common ancestry. These codes were 
then represented in a data matrix in which the presence of a number in the species code was 
listed as one and the absence of a number in the species code was listed as zero. The species 
names were then replaced with their geographic distributions. Two matrices were assembled. 
In one matrix, each species was listed for each ocean basin in which it occurs. When more 
than one species occurred in the same area, the codes were combined. Therefore, the binary 
code for a given ocean basin was a composite of the codes from species occurring in that area 
(Cressey et al., 1983). The second matrix, in turn, differed from the first in the way it treated 
species occurring in the same area. Areas in which more than one taxon occurred were listed 
as different areas. Maximum parsimony analyses were performed on these datasets using 
heuristic searches with starting trees obtained via stepwise addition, simple addition sequence 
replicates, and tree-bisection-reconnection (TBR) branch swapping algorithm using PAUP* 
(Swofford, 2000). In these analyses, sawfish phylogenetic relationships were treated as 
characters, while the distribution range of each species was treated as taxa. Analyses were 
performed without the definition of outgroups. An additional area cladogram was constructed 
by replacing terminal taxon names on a cladogram with the distributional area of the 
respective taxon (Platnick and Nelson, 1978; Nelson and Platnick, 1981). 
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Results 
Phylogenetic analyses, saturation, and split decomposition.  For the analyses 
including six out of the seven sawfish species, maximum parsimony (MP) and likelihood 
(ML) analyses on individual genes recovered a total of eleven topologies (Fig. 1). Despite the 
large number of hypotheses for the relationships of such a small group, the four topologies 
that are more congruent with classical morphology-based hypothesis and the fossil evidence, 
Tree-1 to 3, and Tree-6 (Fig. 1), were recovered in more than 80% of the MP and ML 
analyses performed (Tables 4 and 5). Five of the remaining topologies, Tree-7 to 11, 
represent hypotheses that depart considerably from morphology-based groups, and Tree-4 
and 5, are unresolved topologies obtained after bootstrap analyses (Fig. 1). 
 A monophyletic sawfish family with A. cuspidata basal to monophyletic Pristis was 
recovered in all but two cases (Tree-11, Fig. 1; Table 4 and 5). Within Pristis, a 
monophyletic largetooth clade (composed of two of the three living species) was also 
recovered in all but two analyses (Tree-9 and 10, Fig. 1; Table 4 and 5). Most of the tree 
variation was related to alternative relationships of the smalltooth species (Fig. 1, Tree-1 to 
8). Nevertheless, a topology having a monophyletic smalltooth with basal P. clavata and 
sister species P. zijsron and P. pectinata was recovered in half of trees obtained (46 out of 
88) (Tree-1 and Tree-9 to 11, Fig. 1; Table 4 and 5). Tree 1 was the topology recovered by 
the greatest number of genes (four). It was also obtained in ML analyses of all genes 
combined with high bootstrap support values (Fig. 2, to be discussed below). These results 
suggest that Tree-1 is a credible hypothesis for the phylogeny of sawfishes. 
Of the protein coding mtDNA genes studied, Cytochrome b recovered Tree-1 (Fig. 1) 
most consistently. All MP and ML analyses of this gene recovered this tree (Table 4 and 5). 
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In contrast, ND4 and ND2 each recovered four topologies for MP and ML analyses. Despite 
this relatively high number of different topologies recovered, ND4 most often supported 
Tree-1 (n of Tree-1= 10, Tree-7= 1, Tree-9= 1, and Tree-10= 1, Table 4 and 5). ND2 was the 
most inconsistent and support for the different topologies was relatively equally distributed 
(n of Tree-1= 5, Tree-3= 3, Tree-7= 2, and Tree-8= 4) (Table 4 and 5). 
Visual inspection of saturation plots for these genes suggests that all of them exhibit 
some degree of saturation (Fig. 3). In fact, in comparison to other genes, Cyt b, ND4, and 
ND2 had the lowest overall regression values of trend line for genetic distances used for 
saturation plots (Table 6). In particular, ND2 exhibited the lowest regression values for 
ingroup distances (Table 6, Fig. 3B), suggesting that multiple hits may be a significant 
problem for this dataset. Split decomposition analyses corroborated this assumption by 
revealing conflicting information in this dataset (possibly derived from homoplasious 
substitutions) as indicated by the large number of diamond-shaped relationships observed for 
this gene (Fig. 3 B). In comparison to ND2, ND4 was less impacted by saturation and 
showed a much less conflicted split-decomposition graph, which corroborates the more 
consistent recovery of one topology over the others. 
Of the eleven topologies obtained in this study, five were only recovered by ND2 and 
ND4. ND2 alone recovered four different relationships for the smalltooth group (Table 4 and 
5). Given the phylogenetic properties of these genes as discussed above, the reliability of 
topologies recovered exclusively by them, Tree-3, and Tree-7 to 10, is questionable (Fig. 1). 
The fourth mtDNA gene region used in this study was the 12 S, which is not a 
protein-coding gene. Analyses of this gene region with the selected outgroup recovered two 
topologies that differed by the position of A. cuspidata (Tree-1 and Tree-11, Fig. 1). Tree-1 
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was recovered in the majority of analyses (n of Tree-1= 11, Tree-11= 2) (Table 4 and 5). The 
saturation plot differed from the protein coding mitochondrial genes in that it suggested 
almost no substitution saturation (Fig. 3D) with high regression values (Table 6), which 
supports the overall credibility of hypotheses derived from this dataset. Nevertheless, two 
alternative hypotheses for the evolution of the same group cannot both be true. Fortunately, 
the split decomposition analyses provided evidence of conflicting information in the dataset 
regarding the position of A. cuspidata. One parsimony-split character supports A. cuspidata 
closer to shark outgroups, while six others support A. cuspidata closer to Pristis (Fig. 3D). 
Therefore, the support for Tree-11 is undermined and may simply be an artifact. 
For the nuclear gene Rag-1, MP analyses containing all available outgroup species 
recovered three trees, Tree-1 and 2 and Tree-6, which show different smalltooth relationships 
(Fig 1). Tree-1 and 2 were not robust to bootstrap analysis and collapsed to Tree-6. In 
analyses using only the selected outgroup, Tree-2 was recovered. This result was also 
supported by bootstrap analysis, but with only marginal support value (51%) as only a single 
character supported Tree-2 under parsimony conditions. This topology was subsequently 
recovered in all maximum likelihood analyses. Analyses of the second nuclear gene studied, 
ACT, consistently recovered Tree-6 (Fig. 1, Table 4 and 5), which recovers major 
morphological groups but does not resolve the smalltooth clade. 
There were no signs of saturation in the nuclear gene datasets (Fig. 3 E and F; Table 
6) and split-decomposition graphs showed no conflict. Nevertheless, the smalltooth clade 
was unresolved, showing that Rag-1 support for resolution in this clade is minimal. The lack 
of resolution shown by the nuclear genes was primarily due to lack of informative data. 
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The likelihood heterogeneity test statistic for the inclusion of all genes revealed no 
significant differences between phylogenetic signal of the different genes when analyzed 
using GTR+Γ model (Table 7). This suggests that differences in phylogenetic estimates 
among genes can be explained by stochastic variation. Therefore, genes could be combined 
as a single dataset for analyses. A dataset composed of all genes studied from the six sawfish 
species and the three selected outgroup species comprised 7,044 bases. Only a single MPT 
was obtained, Tree-1 (Fig. 1). This topology was robust to re-sampling analyses with high 
bootstrap values (data not shown). The same topology was also recovered with ML analyses 
under GTR + Γ substitution model (the model parameter suggested by the likelihood ratio 
test, Modeltest) (Fig. 2A). The ML tree was also robust to re-sampling with high bootstrap 
values (Fig. 2B). 
 Branch lengths obtained from ML analyses differed considerably among the groups. 
Branch lengths for the smalltooth taxa were about 10 times longer than for the largetooth 
taxa (average of 0.03 and 0.003 substitution/ site for smalltooth and largetooth species, 
respectively). This 10-fold difference in branch length was also observed in a parsimony 
framework (average of 131 and 14 substitutions for smalltooth and largetooth species, 
respectively) when Tree1 was fit to the complete gene dataset using MacClade (Maddison 
and Maddison, 1992). 
 The largetooth species P. zephyreus was absent from all analyses above. Four 
fragments of ND2 totaling 531 nucleotides were obtained from this species and a 
homologous dataset containing all seven living sawfish species was assembled and subjected 
to MP analyses. A monophyletic largetooth group with P. zephyreus basal to sister taxa P. 
microdon and P. perotteti was recovered with bootstrap support in both analyses using all 
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fourteen available outgroups (tree not shown) and only selected outgroups (Fig. 4A). This 
dataset was translated into amino acids and also subjected to MP analyses. Once again, 
independent of outgrouping, the same relationships for the largetooth clade were recovered.  
The consistent recovery of the same relationships within the largetooth clade under 
these different settings is surprising because this dataset is a subset of ND2. In fact, the 
saturation plot associated with this subset of ND2 shows no signs of saturation (Fig. 4B) with 
high regression values (Table 6), suggesting a low degree of saturation. Furthermore, the un-
rooted split decomposition graph revealed no conflict regarding within-sawfish relationships 
(Fig. 4B). The consistent topology and the desirable properties shown by this dataset suggest 
the tree topology obtained can be considered credible. 
Area cladograms.  The prevailing sawfish phylogeny hypothesis used for binary 
coding and matrix representation is shown in Fig. 5A. For the dataset composed of four 
ocean basins as “taxa” (Table 8 and 9), of the 13 characters obtained from the sawfish 
phylogeny, only two characters were parsimony informative. Analyses recovered a single 
most parsimonious tree (MPT) with an Indo-West Pacific clade with unresolved position of 
East Pacific and Atlantic (Fig. 5B). 
 For the dataset considering areas in which more than one sawfish species occur as 
independent “taxa” (Table 10), four out of the 13 characters were parsimony informative. 
Parsimony analyses recovered a single MPT. A polytomy consisting of three clades was 
recovered. The eastern Pacific group formed a single clade. A sister relationship between 
Atlantic and Indo-West Pacific was recovered in two different parts of the tree, once 
separately and once in a clade with the East Indian-West Pacific group placed basally (Fig. 
5C). 
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The area cladogram obtained by simply replacing species names in the sawfish 
phylogeny with their distribution areas showed that the East Indian-West Pacific region is 
basal to all other areas. A sister relationship between Atlantic and Indo-West Pacific clades 
was recovered in different parts of the tree. The east Pacific group was placed closer to an 
Atlantic-Indo-West Pacific clade (Fig. 5D). 
 
Discussion 
Sawfish monophyly and interrelationships 
 The prevailing hypothesis for sawfish phylogeny suggested monophyly of the 
sawfishes. This hypothesis is supported by general morphology (sawfishes are a very well 
delimited group) and fossil evidence. It is interesting to note that one fossil species, Pristis 
lathami (55 to 34 mya), has internal structure of the rostral teeth resembling that of 
Anoxypristis, while the posterior edge of the rostral tooth is concave (which is characteristic 
of Pristis). It is therefore a mixture of characters of Pristis and Anoxypristis (Cappetta, 1987). 
It is also interesting to note that the recovery of sawfish monophyly after a series of rigorous 
analyses of DNA sequences including complete taxon sampling for the group gives support 
to investigations about the phylogenetic position of sawfishes that often use a single species 
to represent the family (as for example McEachran and Aschliman, 2004). 
 Within sawfishes, morphological evidence supports the monophyly of Pristis 
recovered by molecular data analyses. Anoxypristis and Pristis differ in several features of 
external morphology such as fin anatomy and shape, dermal coverage patterns, denticle 
shape, and rostral and oral tooth shape (Hoffman, 1912; Deynat, 2005). Internal anatomy of 
the rostrum also differed considerably between these two genera. The Pristis rostrum has a 
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medial canal flanked by paired neural ducts through which the superficial ophthalmic and 
buccopharyngeal nerves pass, while in Anoxypristis there are two additional lateral ducts for 
nerves leading to the ampullae of Lorenzini (Cappetta, 1987). 
Within Pristis, the prevailing hypothesis suggests each of the smalltooth and 
largetooth clade to be monophyletic. Morphological characters supporting this result include 
the relative position of fins and shapes of dermal denticles, fins, rostrum and rostral teeth. 
Although some analyses recovered a paraphylletic smalltooth clade, this result was primarily 
obtained from saturated genes and is likely a product of homoplasious substitutions. 
Branch lengths within each of the smalltooth and the largetooth clades obtained from 
maximum likelihood analyses of the combined dataset differed considerably. Longer 
terminal branch lengths were observed for the smalltooth group in relation to largetooth 
species. In fact, branch lengths for the largetooth species were only one-tenth those of the 
smalltooth species. This is mirrored in the extent of morphological differentiation between 
members of each group. This may reflect earlier speciation of smalltooth species from their 
common ancestor and the recent divergence of the largetooth taxa. Possible biogeographic 
implications underlying the differences in branch length will be discussed below. 
 
Biogeographic implications 
 One point of agreement between the area cladograms was the sister relationship 
between Atlantic and Indo-West Pacific groups. This relationship occurred in two parts of the 
tree, for both the smalltooth and largetooth clades. This result is compatible with the 
geological history of the areas since tropical waters of Atlantic and Indian Oceans were once 
connected, forming the Tethys Sea. Furthermore, the fossil record provides evidence of a 
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modern sawfish geographical origin, or at least presence in the Tethys Sea (Cappetta, 1987) 
(Fig. 6). This overall congruence suggests that the occurrence of the study species in the 
study areas is the result of historical association between sawfishes of the Atlantic and Indo-
West Pacific. However, there is a caveat. Multiple geological events have been hypothesized 
as possible causes of vicariant events leading to allopatric speciation of tropical marine fauna 
of the Atlantic and Indian Oceans: the final closure of the Tethys Sea during the Miocene 
(Ellison et al., 1999; Streelman et al., 2002; Bellwood et al., 2004, Rocha, 2004, Barber and 
Bellwood, 2005) and the intensification of the Benguela upwelling in South Africa in the late 
Pliocene (Bowen et al., 2001, Craig et al., 2004) (Fig. 6). Therefore, hypothesizing which 
vicariant event may have been important in promoting allopatric speciation of smalltooth and 
largetooth species is not straightforward. 
Perhaps a clue for understanding the role of each of these two events in sawfish 
diversification resides in their difference in age. The oldest of the two events is the final 
closure of the Tethys Sea approximately 15-18mya (Rogl and Steininger, 1984). The 
intensification of the Benguela upwelling in South Africa is considerably more recent, at 
approximately 2mya (Marlow et al., 2000) (Fig. 6). In maximum likelihood analyses of the 
combined dataset, the branch length distance between P. microdon – P. perotteti was about 
one tenth of that for P. zijsron – P. pectinata. If this difference is related to the amount of 
time since divergence, the split P. microdon- P. perotteti would be considerably younger. It 
is therefore possible that speciation in each clade was in fact affected by the different 
geological effects, specifically the closure of Tethys influenced speciation in the smalltooth 
clade and the arising of the Benguela Barrier influenced speciation in the largetooth clade. 
Support for influence of the closing of the Tethys Sea in speciation in the smalltooth clade is 
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provided by the fact that they occur in areas considered to be possible Tethys Sea fragments: 
Caribbean Sea (P. pectinata, Atlantic) and Red Sea (P. zijsron, Indian Ocean). Although this 
hypothesis may be considered plausible, future research on dating of speciation nodes and a 
more detailed examination of fossil evidence is required. 
 A second relevant point shown by the area cladograms concerns the position of East 
Pacific clade. The area cladogram derived from the largetooth relationships shows the East 
Pacific (EP) clade to be basal to sister taxa Atlantic (AT) and Indo-West Pacific (IWP) [(EP, 
(AT, IWP))]. However, this topology is only rarely reported in the literature (Craig et al., 
2004). In most studies including tropical marine organisms, the Indo-West Pacific is basal to 
sister East Pacific and Atlantic [(IWP, (EP, AT))] (Bellwood et al., 2004, Rocha, 2004, 
Barber and Bellwood, 2005). In these cases, it is hypothesized that the first vicariant event 
promoting the isolation of Indo-West Pacific populations was the final closure of the Tethys 
Sea (at approx. 15-18mya), with later isolation of East Pacific and Atlantic populations by 
the formation of the Isthmus of Panama (IOP) that isolated these two areas during the 
Pliocene approx. 3.1-3.5mya (Coates and Obando, 1996) (Fig. 6). Nevertheless, the pattern 
shown by the largetooth clade can be explained by a successive isolation of a widely 
distributed ancestral population. First the IOP isolated the east Pacific (~3.1mya) [(EP, 
ancestral AT-IWP)], then the isolation of an Atlantic – Indo-West Pacific ancestral by the 
Benguela Barrier (~2mya) [(EP, (AT, IWP))]. Alternative hypotheses of vicariance or 
dispersal across the West and East Pacific Ocean are unlikely for sawfishes due to the vast 
depths and linear distance between the two regions (Robertson et al., 2004). 
Although the formation of the IOP is believed to have also led to faunal extinction 
(Bowen et al., 1998), the absence of smalltooth species from the Eastern Pacific is not 
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considered informative. No hypothesis concerning either the presence or absence of 
smalltooth species from EP exists because it is not currently known if their absence is due to 
a primitive absence of the clade or secondary loss (extinction). Considering that no 
smalltooth sawfish ever inhabited the east Pacific suggests that P. zephyreus occurs in the EP 
because of some form of allopatric speciation involving dispersal. On the other hand, a 
hypothesis stating that some smalltooth member reached the east Pacific and later went 
extinct would suggest that occurrence of P. zephyreus in the east Pacific is due to vicariant 
speciation. The discovery of smalltooth fossils in the East Pacific would help resolve this 
question. 
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Figure 1: The eleven topologies obtained from the independent maximum parsimony and 
maximum likelihood analyses of six genes. 
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Figure 2: Maximum likelihood tree for the all genes combined dataset (ND4+ND2+12S+Cyt 
b+RAG-+ACT) using the GTR+G model of evolution. (A) consensus tree of 100 bootstrap 
pseudoreplicates and (B) showing branch lengths. 
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Figure 3: Saturation plots and unrooted split decomposition graphs for (A) Cyt b, (B) ND2, 
(C) ND4, (D) 12S, (E) RAG-1, and (F) ACT. Saturation plots were derived from patristic 
distances (from maximum parsimony tree) and genetic distance under HKY85. Filled circles 
represent within sawfish distances, empty squares represent sawfish-outgroup distances, and 
crosses represent outgroup-outgroup distances. Unrooted split graph drawn in equal 
distances, with indication of number of parsimony steps. 
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Figure 4: Investigations of largetooth sawfish relationships as inferred from partial ND2. (A) 
Consensus tree of 100 bootstrap pseudoreplicates constructed using maximum parsimony 
based on nucleotides (left) and inferred amino acids (right). (B) Saturation plot and split 
decomposition graph.  
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Figure 5: (A) Phylogenetic tree for the seven sawfish species with indication of codes used 
for construction of matrices for area cladogram analyses. (B) Area cladograms for the major ocean 
regions. (C) Area cladogram listing Atlantic, Indo-West Pacific, and Eastern Indian-West pacific as separate 
areas. (D) Area cladogram after replacing species names on a phylogeny with species occurring areas. 
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Figure 6: Biogeographical barriers possibly important in sawfish speciation. Fossil record 
suggests pristids origin as ~56 Mya. (Left map) At 56 mya tropical oceans were connected 
through Tethys Sea (TS) and Central American Seaway (CAS). In the present, 
biogeographical barriers created by the three geological events restrict the flux of tropical 
organisms between Atlantic and Indian and Pacific Oceans: (A) Final closure of the Tethys 
sea ~ 14-18 Mya. (B) Formation of the Isthmus of Panama (IOP) ~3.1 –3.5 Mya. (C): 
intensification of the Benguela upwelling in South Africa ~2 Mya. (Right map)  
Biogeographical barriers created by these events are indicated: (I) Red Sea land bridge, (II) 
IOP, and (III) Benguela Barrier. Tick dashed line represent hard barrier (I and II) and thin 
line soft barrier (III). 
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Table 1: Specimens sampled and sequenced for reconstruction of Pristidae phylogeny, 
including DNA sequences obtained from Genbank. 
Species Specimen ID Locality or region Collector 
Pristis clavata         GN 1610 Darwin, Australia G. Naylor 
P. pectinata         GN 2458 south Florida State, USA C. Simpfendorfer and T. Wiley 
         GN 2738 Bahamas C. Simp fer fendor
J. Caira P. zijsron         GN 1145 Darwin, Australia 
         GN 1146 Darwin, Australia J. Caira 
P. microdon         GN 2865 Queensland, Australia J. Caira 
         GN 2866 Queensland, Australia J. Caira 
P. perotteti         GN 2764 north coast of Brazil P. Charvet-Almeida 
         GN 2804 north coast of Brazil P. Charvet-Almeida 
P. zephyreus         GN 3166 Pacific coast of Panama R. Robertson 
Anoxypristis cuspidata         GN 2074 Arafura Sea, Australia F. V. Ocean Harvest 
         GN 3175 northwest Australia C. Simpfendorfer 
Raja porosa         AY525783 Yellow Sea, South Korea I.-C. Kim et al., 2005 
R. radiata         GN 1962 North Sea (UK – Norway) P. Olson 
         AF106038 Faxafoi, Iceland O. Gudmundsson 
R. rhina         GN 1615 Gulf of Alaska, USA G. Tyler 
Dasyatis annotata         GN 1588 Thailand J. Caira 
Hexatrygon bickelli         AY597334 Indo-Pacific I.-S. Chen and S.-T. Hsiao, unpub. 
Aetobatus narinari         GN 1602 Darwin, Australia G. Naylor 
         AB021502 Asia (Indo-West Pacific) Sezaki et al., 1999 
Somniosus microcephalus         GN 1152 Northwest Territory, Canada G. Benz 
Pristiophorus japonicus         GN 1049 Japan K. Yano 
Squatina tergocellatoides         GN 1005 Taiwan G. Naylor 
         GN 0986 Taiwan G. Naylor 
Gollum attenuatus         GN 1470 New Zealand D. Tracey 
Mustelus asterias         GN 1964 North Atlantic Ocean P. Olson 
Hydrolagus colliei         GN 1179 East Pacific J. Caira 
Chimaera monstrosa         AJ310140 Northeast Atlantic Arnason et al., 2001 
C. phantasma         GN 0971 Taiwan G. Naylor 
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Table 2: Set of primers used in amplification and sequencing of genes studied. 
Genome Region Name Sequence 
mitochondrial 12S 12SF 5’ – GTT TGG TCC TAG CCT CAG – 3’ 
  12SR 5’ – ACT TAC CAT GTT ACG ACT TG – 3’ 
 Cyt b GluDG 5’ – TGA CTT GAA RAA CCA YCG TTG – 3’ 
  C61121H 5’ – CTC CAG TCT TCG RCT TAC AAG – 3’ 
  CytbFOR3 5’ – CAA YAR YYT GAA AAA CTA YCG TTG – 3’ 
  CytbRayR2 5’ – CAY CTC CRR TYT TYG RYT TAC AAG – 3’ 
 ND2 Ilem 5’ – AAG GAC CAC TTT GAT AGA GT – 3’ 
  ND2-batoids-IFA 5’ – CAC TTY TGA CTW CCA GAA GT – 3’ 
  Asnm 5’ – AAC GCT TAG CTG TTA ATT AA – 3’  
  ND2IRm1 5’ – GCT TCT ACT GCT CGN GGR TG  – 3’ 
  NLTF1 5’ – CCA GTC TCT GCC ACA CTA G – 3’ 
  NLTR1 5’ – GGC ATA GTG TAG GAT GGT G – 3’ 
  NLTF2 5’ – CAC TAA AAT CAA CTC TAT TGC – 3’ 
  NLTR2 5’ – CGG AGA TAG AAG AAT AAG C – 3’ 
  NLTF3 5’ – GCT TAT TCT TCT ATC TCC G – 3’ 
 ND4 ND4-L 5’ – TGA CTA CCA AAA GCT CAT GTA GAA GC – 3’ 
  Leu-Scylliorhinus 5’ – CAT AAC TCT TGC TTG GAG TTG CAC CA – 3’ 
nuclear ACT BACTF 5’ – CTG CTG ATA GGA CTC ACC – 3’ 
  BACTR 5’ – CGT ACA CGG AGA CAT AAC – 3’ 
  ACT F2B 5’ – ATC GGS GTG CTV TTT GCB TCC – 3’ 
  ACT R6 5’ – GCC ACA GAR TAG GAG ATR TCK GC – 3’ 
 RAG1 RSAWF1 5’ – GAA ACA AAA TCT TTG GAA G – 3’ 
  RSAWR1 5’ – GCA ACT TAG AAA TGT ACT AAC C – 3’ 
  RSAWF2 5’ – CGA GAC GAT TTA GGT ACG – 3’ 
  RSAWR2 5’ – GTT TCA GGT TCA TCT TCT TC – 3’ 
  RSAWF3 5’ – CCA CCA AAA GCC AAG TTC – 3’ 
  RSAWR3 5’ – GGA CAT TTG CTA GAG GAG G – 3’ 
  RSAWF4 5’ – GAG GTG GGA ATA ATA GAT GG – 3’ 
  Rag1For61 5’ – CAG YTA TGA CAT GAA RTA CCC AGT C – 3’ 
  Rag1Rev12 5’ – CTG GCT TCA GCC CTG ATC CAT G – 3’ 
  Rag1For58 5’ – GCC KMG GCA ACA TTT RCT CTC – 3’ 
  Rag1Rev13 5’ – CTG GCT TCA GCC CTG ATC CAT G – 3’ 
  Rag1For11 5’ – TGC CTT TGG ACA AGA AGA CTT TGG A – 3’ 
  Rag1For15 5’ – ATC TCA AAY KTC AGG TKA AGG C – 3’ 
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Table 3: Number of base pairs (bp) and GC content (%) from obtained gene region of 
sawfish and outgroup species used in this study for reconstruction of Pristidae phylogeny. 
12S Cytb ND2 ND4 ACT RAG1 Species Spec. ID 
bp % bp % bp % bp % bp % bp % 
Pristis clavata GN 1610 812 41 1140 40 1044 39 709 43 748 51 2574 42 
P. pectinata GN 2458 812 41 - - 1045 36 709 40 748 51 2566 42 
 GN 2738 - - 1085 39 - - - - - - - - 
P. zijsron GN 1145 811 40 - - 1045 37 709 38 748 51 2568 42 
 GN 1146 - - 1087 36 - - - - - - - - 
P. microdon GN 2865 814 42 1116 39 - - 709 40 748 51 2568 42 
 GN 2866 - - - - 1045 39 - - - - - - 
P. perotteti GN 2764 815 42 1113 39 - - 709 40 748 51 2567 41 
 GN 2804 - - - - 1045 39 - - - - - - 
P. zephyreus GN 3166 - - - -    539 na - - - - - - 
Anoxypristis cuspidata GN 2074 812 43 1119 38 1045 39 709 41 748 50     1829a 40 
 GN 3175 - - - - - - - - - -     1620a  
Raja porosa AY525783 749 39 1141 45 1045 43 709 45 - - - - 
R. radiata AF106038 750 40 1141 42 1045 42 709 42 - - - - 
 GN 1962 - - - - - - - - - -      878 na 
R. rhina GN 1615 750 40 1140 43 1045 42 685 42 378 na      997 na 
Hexatrygon bickelli AY597334 752 40 1144 45 1042 42 709 43 - - - - 
Dasyatis annotata GN 1588 750 39 1138 41 1045 39 685 39 - - 2573 43 
Aetobatus narinari AB021502 - - 1140 45 - - - - - - - - 
 GN 1602 - - - - 1045 42 683 45 386 na 2574 41 
Somniosus microcephalus GN 1152 749 42 1141 40 1045 40 696 38 748 52 2559 42 
Pristiophorus japonicus GN 1049 748 45 1131 44 1045 44 705 44 748 56 2572 42 
Squatina tergocellatoides GN 1005 748 41 1136 36 1045 37 - - - - 2573 42 
 GN 0986 - - - - - - 685 37 - - - - 
Gollum attenuatus GN 1470 - - 1133 39 1045 36 697 36 747 54 2512 41 
Mustelus asterias GN 1964 747 40 1121 40 1045 37 682 39 - - 2573 43 
Hydrolagus colliei GN 1179 - - - - 1040 34 684 37 740 52 1004 na 
Chimaera monstrosa AJ310140 751 39 1144 40 1042 37 706 38 - - - - 
C. phantasma GN 971 747 41 - - 1042 39 688 41 - - 2577 49 
(-) not sequenced. (na) non applicable, GC not calculated since only partial sequences were obtained. 
a A. cuspidata Rag1 sequence used in analyses is composed of sequences of two specimens: GN 2074 and 3175. 
 
 
Table 4: Maximum parsimony analysis estimates of sawfish phylogeny. Each entry number 
corresponds to a tree from Figure 1. 
Outgroups Cyt b ND2 ND4 12S RAG1 ACT 
Maximum parsimony trees       
      All 1 8 7 1, 2 1, 2, 6 6 
      Selected 1 7, 8 1 1 2 6 
       
Bootstrap support for highest 
resolution within the smalltooth clade 
      
      All 62% NS 54% 85%, NS NS, NS, 96% 64% 
      Selected 77% NS 65% 97% 51% 78% 
       
Number of outgroups       
      All 12  14  14  11  11  6 
      Selected 3  3  3  3  3  1 
NS= No support (<50% bootstrap support) 
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Table 5: Maximum likelihood estimates of sawfish phylogeny. Each entry number 
corresponds to a tree from Figure 1. 
Models Cyt b ND2 ND4 12S RAG1 ACT 
JC 1 8 1 1 2 6 
JC+Γ 1 8 7 1 2 6 
JC +Γ+I 1 8 1 1 2 6 
K2P 1 1 1 1 2 6 
K2P +Γ 1 1 1 1 2 6 
K2P +Γ+I 1 1 1 1 2 6 
HKY 1 1 1 1 2 6 
HKY +Γ 1 3 9 1 2 6 
HKY +Γ+I 1 3 10 1 2 6 
GTR 1 1 1 1 2 6 
GTR +Γ 1 3 1 11 2 6 
GTR +Γ+I 1 7 1 11 2 6 
 
 
Table 6: Regression values of trend line in saturation plot of each gene.  
 
 
 r2  Gene Taxa (n) All data Ingroup-ingroup Ingroup -outgroup outgroup - outgroup 
Cyt b 9 0,7094 0,8394 0,6471 0,8454 
ND2 9 0,6774 0,6139 0,5001 0,9088 
ND4 9 0,7428 0,8732 0,4760 0,9920 
12 S 9 0,9625 0,9366 0,8302 0,9981 
RAG-1 9 0,9453 0,8476 0,9714 0,9960 
ACT 7 0,9619 0,3867 0,9355 - 
Partial ND2 10 0,9127 0,9332 0,4277 0,6897 
 
Table 7: Likelihood heterogenity test under GTR+Γ for six sawfish genes. * indicates best 
likelihood score and δ is the likelihood ratio. δ is not significant, indicating that the 
differences in phylogenetic signal across genes can be explained by stochastic variation. 
   Genes    Tree 
no. 
Cyt b ND2 ND4 12S RAG1 ACT Combined 
1 -4927.4623* -5004.0441 -3202.5511* -2792.0942 -7666.1686 -1633.5817 -25225.9020* 
2 -4933.5543 -5004.2356 -3206.3677 -2794.9374 -7666.0299* -1633.5816* -25238.7069 
3 -4933.1954 -5002.7153* -3205.2423 -2794.2296 -7666.1685 -1633.5818 -25235.1372 
4 -4927.9136 -5006.735 -3210.2483 -2799.2664 -7679.8436 -1634.7792 -25258.7877 
5 -4934.5551 -5007.1418 -3216.3102 -2803.0271 -7679.8436 -1634.7806 -25275.6588 
6 -4933.5541 -5004.2361 -3206.5250 -2794.9370 -7666.1688 -1633.5816 -25239.0035 
7 -4927.9144 -5006.7225 -3207.9559 -2799.2664 -7678.4797 -1634.7792 -25255.1186 
8 -4934.3722 -5005.7787 -3212.0861 -2802.4727 -7678.4797 -1634.7776 -25267.9674 
9 -4956.5284 -5040.3866 -3203.8466 -2809.1832 -7750.7192 -1661.6266 -25422.2898 
10 -4956.5332 -6183.0924 -3203.8554 -2809.3214 -9181.4793 -1661.6272 -27995.9091 
11 -4933.9555 -5016.0828 -3209.3089 -2791.8826* -7680.6671 -1633.5817 -25265.4785 
δ=2[(-25224.2241656201)-(-25225.9020318512)]=3.3557324621 p value=0.11 
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Table 8: List of geographical areas and species of sawfishes that inhabit them. 
 Area Taxon Taxon name 
A East Pacific Ocean 1 P. zephyreus 
B Atlantic Ocean 2, 4 P. perotteti, P. pectinata 
C West Indian Ocean 3, 5 P. microdon, P. zijsron 
D East Indian-West Pacific 3, 5, 6, 7 P. microdon, P. zijsron, P. clavata, and A. cuspidata 
 
 
Table 9: Matrix listing geographic areas, the sawfish species that inhabit them, and the 
binary codes representing the phylogenetic relationships among these species.  
Area Taxon Binary code 
A 1 1 0 0 0 0 0 0 0 0 1 0 1 1
B 2, 4 0 1 0 1 0 0 0 1 1 1 1 1 1
C 3, 5 0 0 1 0 1 0 0 1 1 1 1 1 1
D 3, 5, 6, 7 0 0 1 0 1 1 1 1 1 1 1 1 1
 
 
Table 10: Matrix listing geographic areas, the sawfish species that inhabit them, and the 
binary codes representing the phylogenetic relationships among these species.  
Areaa, b, c Taxon Binary code 
A East Pacific Ocean 1 P. zephyreus 1 0 0 0 0 0 0 0 0 1 0 1 1 
B1 Atlantic Ocean 2 P. perotteti 0 1 0 0 0 0 0 1 0 1 0 1 1 
C-D1 Indo-West Pacific 3 P. microdon 0 0 1 0 0 0 0 1 0 1 0 1 1 
B2 Atlantic Ocean 4 P. pectinata 0 0 0 1 0 0 0 0 1 0 1 1 1 
C-D2 Indo-West Pacific 5 P. zijsron 0 0 0 0 1 0 0 0 1 0 1 1 1 
D1 East Indian-West Pacific 6 P. clavata 0 0 0 0 0 1 0 0 0 0 1 1 1 
D2 East Indian-West Pacific 7 A. cuspidata 0 0 0 0 0 0 1 0 0 0 0 0 1 
a Atlantic Ocean is listed once for species 2 (B1) and once for species 4 (B2). 
b Indo-West Pacific (a combination of areas C and D) is listed once for species 3 (C-D1) and once for species 5 
(C-D 2). 
c East Indian-West Pacific Ocean is listed once for species 6 (D1) and once for species 7 (D2). 
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CHAPTER 4. INFERENCES ON THE GEOGRAPHICAL POPULATION 
STRUCTURE OF ENDANGERED SAWFISHES 
 
A paper to be submitted to Molecular Ecology 
 
Vicente Faria 
 
Abstract 
 The coastal habit of sawfish suggests that their biology may favor the isolation of 
populations that may be unable to transverse large expanses of deep water or otherwise 
unsuitable habitat. Understanding of the geographical structuring of populations is relevant 
for management because it may identify evolutionarily independent units for conservation. 
This study investigated patterns of geographical structuring of the five most widespread 
sawfish species based on mitochondrial DNA sequences and rostral tooth counts. West and 
East Atlantic populations of Pristis pectinata and P. perotteti may represent separate units for 
conservation purposes. Within the West Atlantic, a degree of isolation between populations 
of P. perotteti also appears to exist. The pattern for the Indo-West Pacific was less clear, and 
it is not possible to invoke a clear common mechanism of isolation that applies to all species. 
Nevertheless, a sub-division of sawfish conservation units into Indian and West Pacific may 
have biological meaning as the patterns of nucleotide polymorphism are also mirrored in 
differences in rostral tooth count. 
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Introduction 
The sawfishes are a group of seven species distributed along the tropical and sub-
tropical coasts of all ocean basins. Each species’ distribution is restricted to the ocean basin 
in which it occurs: East Pacific, Atlantic, and Indo-West Pacific (Chapter 2). Sawfishes are 
mostly encountered in bays and estuaries though some species penetrate great distances into 
rivers, far from tidal influences. New information on the smalltooth sawfish Pristis pectinata, 
showed that juveniles in the southeastern USA are tied strongly to estuarine and coastal 
habitats, especially mangroves (Simpfendorfer and Wiley, 2005). Adults, in contrast, occur in 
a broad range of depths, from coastal to deep-shelf waters (at least 122m) (Poulakis and 
Seitz, 2004; Simpfendorfer and Wiley, 2005). The presence of sawfish in deep-shelf waters is 
in contrast to the classical perception that they are strictly coastal animals. Nevertheless, 
aspects of the biology and ecology of this and other sawfish species are still poorly known 
(Peverell, 2005). The behavior of adults, in particular, is the least understood phase of their 
life cycle. 
The presence of sawfishes in deep-shelf waters may be tied to their ability for long 
distance migrations that connect populations. In fact, this ability, as in other marine 
organisms, might be essential in maintaining species integrity and avoiding speciation due to 
isolation in local regions (Planes, 2002). Nevertheless, sawfish coastal habits suggest that 
their biology may favor isolation of populations unable to transverse large expanses of deep 
waters or otherwise unsuitable habitat. In addition, a molecular phylogeny of sawfishes 
supported evidence of strong biogeographical effects on speciation (Chapter 3). Based on 
these deeper time biogeographical effects, a signal of geographical structure between widely 
separated populations within species may be expected. Understanding of geographical 
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structuring, in particular the isolation of populations due to barriers to gene flow, is relevant 
for management because it may identify evolutionarily independent units for conservation 
(Planes, 2002). Identifying these population units, or ‘stocks’, may be of great importance for 
the design of conservation strategies for sawfishes. 
 Sawfish combine common chondrichthyan characteristics of low fecundity, late 
maturation, and long life cycles (Holden, 1974; Brander, 1981; Casey and Myers, 1998; 
Stevens et al., 2000; Baum et al., 2003), with occurrence in estuarine, coastal, and freshwater 
habitat. This habitat use has put them in close contact with human populations, and sawfish 
abundance worldwide has been dramatically reduced by fishing and habitat degradation 
throughout the past century (Simpfendorfer, 2000, 2005; Charvet-Almeida, 2002; Martin, 
2005). Currently, all sawfish species are listed on the World Conservation Union’s Red List 
of Threatened Species as Critically Endangered (IUCN, 2006). A poor understanding of 
species taxonomy and geographic range has thwarted conservation measures for the sawfish. 
With the resolution of taxonomy (Chapter 2), not only identity, but also the 
distribution range of each sawfish species is now better understood (Chapter 2). Information 
on limits of the distributional range of any given species is important for conservation and 
management purposes. However, the distribution and occurrence of populations is dynamic 
(Channell and Lomolino, 2000). Indeed, over its range a species can vary in abundance and 
level of connectivity between sub-populations (Brown and Lomolino, 1998), variation that 
also should be understood. 
Molecular markers, particularly mitochondrial DNA, have been widely used in 
studies investigating geographical structure of populations for purposes of conservation and 
management (Grant and Bowen, 1998; Jones and Quattro, 1999; Quattro et al., 2001; Quattro 
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et al., 2002). Mitochondrial DNA is inherited without recombination and appears to be a 
powerful tool for detecting population structure because the number of reproducing females 
is smaller than the effective population size, causing a greater amount of random drift (Grant 
et al., 1999). The maternally inheritance property of this molecule also appears to be useful 
in the reconstruction of the phylogeographical history of populations (Avise, 1994; Grant et 
al., 1999). Particular to sawfishes, their habitat use patterns are suggestive of population 
substructuring, particularly the largetooth group that is more associated to freshwater 
environments (possibly generating a lesser amount of gene flow among populations).  
Another important tool for investigation of geographical structure of populations is 
the study of morphological and life-history variability (Parsons, 1975; Lear and Wells, 1984; 
King, 1985). In fact, investigations based on these traits preceded the use of molecular 
markers. Moreover, information on morphological, physiological, and behavioral variability, 
parasite species composition, elemental composition, and tagging studies may provide 
information on stock structure that may not be apparent with genetic methods (Ryman et al., 
1984; King et al., 1987; Kornfield and Bogdanowicz, 1987; Jorstad et al., 1991). Variability 
in these features may be the product of complex environmental and genetic influences, being 
more susceptible to selective forces that may result in rapid phenetic changes (Grant et al. 
1999).  
 The present study investigates patterns of geographical structuring of the five most 
widespread sawfish species. Two of these species are distributed in the Atlantic while the 
other three occur in the Indo-West Pacific Ocean. These species represent the three major 
extant lineages of sawfish, knifetooth (A. cuspidata), largetooth (P. microdon, and P. 
perotteti), and smalltooth (P. pectinata and P. zijsron). This study was based on analyses of 
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molecular and meristic data: mitochondrial DNA sequences and rostral tooth counts. These 
data were obtained from specimens available in museum collections as well as from tissue 
samples from fresh specimens collected by collaborators. 
 
Material & Methods 
Rostral tooth counts 
Material examined for number of rostral teeth per side consisted of complete 
specimens and isolated rostra deposited in major public ichthyological collections and digital 
photographs provided by collaborators (see Chapter 2). Only specimens with reliable 
identification and geographical origin information were used in this study. Information from 
additional specimens was also obtained from the literature (Taniuchi et al., 2003). In total, 
data from 339 specimens was obtained. 
From each specimen, right and left rostral tooth counts were taken. Rostral teeth 
number does not change with growth. If lost by any event, scar tissue seals the wound. 
Readily recognizable scars were taken into consideration when determining rostral tooth 
counts. 
 Data were grouped into sub-regions within a major biogeographical region according 
to locality information associated with each specimen. Data from specimens collected at 
localities within the Atlantic Ocean were grouped into two sub-regions, West and East 
Atlantic. On the other hand, data from specimens collected within the Indo-West Pacific 
region were grouped into sub-regions Indian Ocean and West Pacific. Difference in rostral 
tooth counts between sub-regions (within a major region) was tested via ANOVA using JMP 
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(SAS Institute). The relative frequency of the number of rostral teeth per side was plotted 
graphically. 
In addition to testing for between sub-regions difference, one within sub-region 
comparison was performed. West Atlantic data for P. perotteti consisted of specimens 
collected in north of Brazil (Chapter 2). The frequency of rostral teeth number of specimens 
from this locality was compared with published information available for a population from 
Lake Nicaragua, in Central America (Nicaragua) (Thorson, 1973). 
 
Mitochondrial DNA 
A subset of the specimens examined in museum collections was also sampled for 
mitochondrial DNA (mtDNA) sequencing (n=283). These are hereafter treated as “museum” 
samples. The main target in studies involving ancient DNA has been the sequencing of 
mtDNA. This molecule is useful for amplification of DNA extracted from museum 
specimens because it has a high number of copies in a given cell, in contrast to nuclear DNA. 
This helps in recovering copies of a gene since often the DNA will be degraded in old tissue. 
Other desirable properties of the mtDNA are its simple genetic structure, with absence of 
repetitive DNA, transposons, and introns, and its rapid evolutionary rate (Grativol, 2003). 
Colleagues and collaborators provided additional samples from live or freshly caught 
specimens (n= 217). These are hereafter treated as “field” samples. Field samples were 
primarily responsible for characterization of local populations (both in terms of number of 
specimens and nucleotides), while museum samples were primarily responsible for providing 
geographical structure information (in an ocean basin scale). Collectively, the material 
examined spanned most of the known geographic range of sawfishes.  
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 Other molecular markers have proven to be useful to address problems of 
geographical structure of populations of marine organisms (eg. microsattelites). However, as 
sawfish are highly endangered species, many populations are now extinct. Therefore, 
museum samples may be one last alternative for investigation of geographical structure of 
sawfish populations. 
Samples from museum specimens were handled in a building separate from that used 
for field samples to minimize the possibility of cross-contamination. Isolation of total DNA 
from museum specimens was done using the GENECLEAN kit for ancient DNA (BIO101, 
CA) following manufacture’s protocol. Between one and four regions of the mtDNA NADH-
dehydrogenase subunit 2 gene (ND2) were targeted using specific primers (Table 1). This 
gene was chosen based on a balance between rate of evolution and amplification success. 
Amplification of old DNA from dry or preserved museum specimens was difficult. Indeed 
for many, it was not possible at all to amplify any DNA. For those samples that produced 
useful total DNA, only fragments up to 350 bp could be reliably amplified. Amplification 
products were purified and sent to the DNA and Synthesis Facility at Iowa State University 
and Florida State University for sequencing. Between one and four fragments were obtained 
from a given specimen. The size of obtained DNA fragments from a given specimen varied 
between 144 bp (if only one fragment was successfully obtained) and 672 bp (if fragments of 
four different regions of ND2 were successfully obtained). 
Total DNA from field samples was extracted using Roche High Pure PCR Template 
Preparation following manufacturer’s protocol for mammal samples. All samples were 
sequenced for the complete ND2 (1,047 bp). 
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In total, DNA information was obtained from 202 sawfish specimens. Fifty-two of 
these were derived from the 283 dry or preserved museum samples representing much of the 
reported geographical range for the group. One hundred and fifty were derived from the 
freshly caught samples, the majority coming from the West Atlantic (Table 2). 
All 202 sequences obtained from the automated sequencer were manipulated using 
Sequence Navigator (Parker, 1997). All sequences were aligned manually using Se-Al 
v2.0a11 (Rambaut, 1996). ND2 sequences were filtered for variable sites and identical 
haplotypes using PAUP* (Swofford, 2000). 
 Caracterization of genetic diversity.  Nucleotide diversity (π) (equation 10.4 in Nei, 
1987) and gene or haplotype diversity (h) (equation 8.5 in Nei, 1987) were estimated to 
describe genetic variation within a representative local population of each species. Summary 
statistics (number of polymorphic or segregating sites, number of transitions and 
transversions, and nucleotide composition) was obtained. Analyses were performed on 
Arlequin v. 2.0 (Schneider et al., 2000). 
Geographical population structure.  Analysis of molecular variance (AMOVA, 
Excoffier et al., 1992) was performed to generate Φst values for assessment of population 
structure between Atlantic sub-regions (West and East Atlantic) and Indo-West Pacific 
(Indian and West Pacific). Uncorrected pairwise differences among haplotypes was used in 
analyses. Analyses were performed on Arlequin 2.0. 
 Phylogeography.  In order to describe geographically structured signal within each 
sawfish species, we reconstructed genealogical histories of ND2 sequences sampled from 
different populations with Parsimony (MP) and genetic distance analyses (UPGMA). MP 
analyses were performed with heuristic searches having starting trees obtained via stepwise 
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addition, simple addition sequence replicates, and tree-bisection-reconnection (TBR) branch 
swapping algorithm. Support for each node from the majority consensus tree from each 
dataset was investigated with 100 bootstrap pseudo-replicates (Felsenstein, 1985). Three 
elasmobranch species previously used in phylogenetic analyses (Chapter 3) were used as 
outgroup: The sharks Somniosus microcephalus and Mustelus asterias, and the batoid 
Dasyatis annotata. Genetic distances analyses used the UPGMA algorithm and uncorrected 
pairwise distances. Analyses were performed in PAUP* (Swofford, 2000). 
 
Results 
While larger fragments were obtained for some of the samples, the data discussion on 
population structure and phylogeography is first focused on a 144 bp fragment (primer pair: 
Ilem – ND2 Irm1) that was universally sequenced for all amplified specimens. It was felt that 
this would minimize any bias across samples and make the results more directly comparable 
within and across species. 
 
P. pectinata 
 Genetic diversity.  Complete ND2 sequences of 53 P. pectinata from southeastern 
USA (Florida) were 1,047 bp long and consisted of 28% cytosine, 29% thymine, 34% 
adenine, and 9% guanine (37% GC content). Two polymorphic sites were observed, 
consisting of two transitions producing 3 haplotypes. One haplotype was the most common 
(n=51), with single occurrence of other haplotypes. Gene diversity (h) and nucleotide 
diversity (π) were 0.0747 ± 0.0494 and 0.000072 ± 0.000158, respectively (Table 3, 
Appendix 1). 
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 Population structure.  Comparison of geographical sub-regions was limited to a 
homologous 144 bp long fragment of ND2. Two haplotypes were observed for 59 West 
Atlantic specimens. The only haplotype observed for two East Atlantic specimens was 
common to West Atlantic (Table 4, Appendix 1). Therefore, no geographical structure of P. 
pectinata populations was revealed (Table 5). 
Rostral tooth count variability.  West and East Atlantic sub-regions (n = 31 for each) 
differed significantly in number of rostral tooth count per side (ANOVA, p < .0001). West 
Atlantic specimens had higher number of rostral tooth in average (WATL= 26.3; EATL= 
23.7) (Table 6, Fig. 2A). 
 
P. perotteti 
Genetic diversity.  Complete ND2 sequences of 65 specimens from north Brazil were 
1,047 bp long and consisted of 31% cytosine, 26% thymine, 34% adenine, and 9% guanine 
(40% GC content). Twelve polymorphic sites were observed, consisting of nine transitions 
and three transversions producing 11 haplotypes. Two haplotypes were the most common 
(n=31 and 23, totaling 54 out of 65), with most haplotypes having single occurrence. Gene 
diversity (h) and nucleotide diversity (π) were 0.6538 ± 0.0410 and 0.000874 ± 0.000680, 
respectively (Table 3, Appendix 2). 
Population structure.  A 144 bp fragment from the ND2 gene was obtained from 88 
individuals collected on both sides of the Atlantic Ocean (WATL= 74; EATL= 10). Two 
polymorphic sites distributed in three haplotypes were observed. All three haplotypes were 
present in the West Atlantic. The only one observed in the East Atlantic was common to both 
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sub-regions. AMOVA detected population structure between these two sub-regions (Φst = 
0.60763, p < 0.001) (Table 4, Appendix 2). 
Additional sequencing of museum samples permitted further investigation of 
population structure. A homologous fragment with a total length of 672 bp was obtained for 
four East Atlantic and 66 West Atlantic specimens. (Not all specimens in the dataset were 
sequenced for the full 672 fragment due to difficulties associated to amplification of museum 
samples) diversity indices showed practically the same values for both gene and nucleotide 
diversity. Three fixed substitutions separating West and East Atlantic were found (Table 4, 
Appendix 2). AMOVA detected population structure between the two sub-regions, but with 
lower value in comparison to analyses with a smaller fragment (Φst = 0.33504, p < 0.001) 
(Table 5). 
Phylogeography.  A dataset composed of 672 bases including 23 P. perotteti 
specimens and 3 outgroup species was obtained. MP analyses produced 100 most 
parsimonious trees (maximum number allowed in analyses – high number of trees due to 
missing data). Bootstrap re-sampling revealed unresolved haplotype relationships between 
East and West Atlantic specimens. There was a weak bootstrap support for two clades on 
West Atlantic specimens (Fig. 1A). 
The UPGMA tree exhibited an East Atlantic clade, distinct from West Atlantic 
haplotypes. The East Atlantic clade was sub-divided in two clades: Liberia and Congo-
Angola. This was caused by a C-T substitution differentiating these localities. West Atlantic 
specimens collected in northern South America (Brazil) were clustered into three clades (Fig. 
1B). 
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Rostral tooth count variability.  West and East Atlantic sub-regions (n = 98 and 25, 
respectively) differed significantly in number of rostral tooth count per side (ANOVA, p < 
.0001). West Atlantic had higher number of rostral tooth in average (WATL= 19.0; EATL= 
17.1) (Table 6, Fig. 2B). 
A comparison between West Atlantic data used in the analyses above (from northern 
Brazil) with Thorson’s (1973) Lake Nicaragua specimens also differed significantly 
(ANOVA, p < .0001) in terms of number of rostral teeth. Counts in the Lake Nicaragua 
population were relatively lower (LNIC = 16.9; WATL (N. Brazil) = 19.0) (Table 6, Fig. 
2C). 
 
P. zijsron 
 Genetic diversity.  Complete ND2 sequences of 8 specimens from north Australia 
were 1,047 bp long and consisted of 29% cytosine, 29% thymine, 34% adenine, and 9% 
guanine (38% GC content). Five polymorphic sites were observed, consisting of five 
transitions producing two haplotypes. One haplotype was the most common (n= 6), with 
single occurrence for the second one. Gene diversity (h) and nucleotide diversity (π) were 
0.2500 ± 0.1802 and 0.001194 ± 0.000955, respectively (Table 3, Appendix 3). 
Population structure.  A 144 bp fragment from the ND2 gene was obtained from 19 
individuals collected throughout the Indo-West Pacific Ocean (Indian Ocean = 7; West 
Pacific = 12). No polymorphisms were identified (Table 4, Appendix 3). 
Fresh samples acquired from South African (n= 1) and Australian (n= 8) specimens 
were sequenced for complete ND2 sequences (1,047 bp). Two haplotypes were observed, 
one of them common to both sub-regions. There was no fixed substitution between these sub-
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regions (Appendix 3). There was no statistical power for AMOVA between the two sub-
regions (Φst = 0.71429, p = 0.20235) (Table 5). 
Phylogeography.  A dataset composed of 1,047 bases including nine P. zijsron 
specimens and three outgroup species was assembled. MP analyses produced two most 
parsimonius trees. Bootstrap re-sampling revealed a monophyletic clade composed solely of 
West Pacific specimens (Fig. 1C). One haplotype, found in both sub-regions was placed in 
the root of the species clade. The UPGMA tree recovered similar MP tree topology (Fig.1D).  
Rostral tooth count variability.  Rostral tooth counts of Indian Ocean and West 
Pacific specimens (n = 14 and 18, respectively) differed significantly (ANOVA, p < .0001). 
Indian Ocean populations had higher rostral teeth counts in average, but a smaller range 
(IND = 30.2; WPAC: 2.0) (Table 6, Fig. 2D). 
 
P. microdon 
 Genetic diversity.  Complete ND2 sequences of 5 specimens from northern Australia 
were 1,047 bp long and consisted of 31% cytosine, 26% thymine, 34% adenine, and 9% 
guanine (40% GC content). One polymorphic site was observed, consisting of one transition 
producing two haplotypes. One haplotype was the most common (n= 4), with single 
occurrence of the second one. Gene diversity (h) and nucleotide diversity (π) were 0.4000 ± 
0.2373 and 0.000382 ± 0.000486, respectively (Table 3, Appendix 4). 
Population structure.  A 144 bp fragment was obtained from 17 individuals collected 
throughout the Indo-West Pacific Ocean (IND = 7; WP= 10). One polymorphic site 
identified one haplotype common to both sub-regions and a second one unique and fixed to 
Australian specimens (based on two specimens) (Table 4, Appendix 4). There was no 
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statistical power for AMOVA between the two sub-regions (Φst = 0.16667, p = 0.25318) 
(Table 5). 
Of these 19 successfully sequenced specimens, 10 specimens (both field and museum 
samples) were sequenced for additional regions reaching a comparative homologous 
sequence dataset of 665 bp (Not all specimens in the dataset were sequenced for the full 
fragment; Appendix 4). Two additional polymorphic loci were observed, totaling three, 
resulting in four haplotypes. Haplotypes were geographically structured as: Indian Ocean, 
Vietnam-Papua New Guinea, and Australia. One polymorphic loci revealed a substitution 
unique, but not fixed, to Australia. The other polymorphic loci revealed a fixed difference 
distinguishing Indian Ocean and West Pacific (Table 4, Appendix 4). AMOVA detected 
population structure between the two sub-regions (Φst = 0.62496, p < 0.001) (Table 5). 
Phylogeography.  A dataset composed of 665 bases including nine P. microdon 
specimens and 3 outgroup species was assembled. MP analyses produced 100 most 
parsimonius trees (maximum number allowed in analyses). Bootstrap re-sampling revealed 
two clades: an East Indian Ocean, and an Australian clade. Haplotype relationships for other 
West Pacific specimens were unresolved (Fig. 1E). The UPGMA tree exhibited two clades: 
East Indian Ocean and West Pacific. The later was sub-divided into haplotypes exclusive to 
Australia and other West Pacific localities (Fig. 1F). 
Rostral tooth count variability.  Rostral tooth counts of Indian Ocean and Western 
Pacific specimens (n = 14 and 18, respectively) did not differ significantly (ANOVA, p = 
0.4506). Indian Ocean and West Pacific specimens had average of 19.1 and 19.3 rostral tooth 
counts, respectively (Table 6, Fig. 2E). 
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A. cuspidata 
 Genetic diversity.  Complete ND2 sequences of 5 specimens from northern Australia 
were 1,047 bp long and consisted of 30% cytosine, 27% thymine, 34% adenine, and 9% 
guanine (39% GC content). One polymorphic site was observed, consisting of one transition 
producing two haplotypes. One haplotype was the most common (n= 6), with single 
occurrence of the other one. Gene diversity (h) and nucleotide diversity (π) were 0.2857 ± 
0.1964 and 0.000273 ± 0.000373, respectively (Table 3, Appendix 5). 
Population structure.  A 144 bp fragment from ND2 gene was obtained from 13 
individuals collected throughout the northern Indian (n = 2) and Western Pacific Oceans (n = 
11). Three haplotypes differing by two polymorphic sites were identified. There was 
geographical signal in the distribution of the haplotypes. Indian and West Pacific Oceans 
were separated by one fixed difference. The Indonesian specimen was separated from others 
by one substitution (Table 4, Appendix 5). AMOVA detected population structure between 
the two sub-regions (Φst = 0.84012, p = 0.01075) (Table 5). 
Phylogeography.  A dataset composed of 144 bases including nine A. cuspidata 
specimens and 3 outgroup species was assembled. MP analyses produced one most 
parsimonius tree. Bootstrap re-sampling recovered the Indonesian haplotype basal to a clade 
containing all other haplotypes. Within a larger clade, the two Indian Ocean haplotypes 
formed their own clade, while other relationships of other haplotypes were unresolved 
(Australia and Papua New Guinea) (Fig. 1G). UPGMA and MP trees differ by a greater 
resolution within the major clade, with West Pacific haplotypes forming a monophyletic 
clade (Fig. 1H). 
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Rostral tooth count variability.  Indian Ocean and Western Pacific specimens (n = 21 
and 28, respectively) differed significantly (ANOVA, p < 0.0001) in number of rostral tooth 
per side. Indian Ocean populations had higher rostral teeth counts in relation to Western 
Pacific (IND = 25.6; WPAC = 21.2) (Table 6, Fig. 2F). 
 
Discussion 
The present investigation is the first study on the geographical population structure of 
batoid species in a global scale. In fact, despite the large number of phylogeographical 
studies of marine organisms produced in the past decades (e.g., Baker et al. 1990, Rocha et 
al. 2002), very few of them involve sharks (usually a much better studied taxa in comparison 
to batoids). The only two studies on the phylogeography of shark species in a global scale 
were only recently published (Duncan et al., 2006; Keeney and Heist, 2006). Other studies 
investigated only a portion of a species distribution range (Heist et al. 1996, Ward and 
Garner, 1997; Heist and Gold, 1999; Pardini et al. 2001; Feldheim et al. 2001; Schrey and 
Heist, 2003; Keeney et al., 2003, 2005). Keeney and Heist (2006) attribute this lack of 
studies in part to difficulties in sampling the totality of the range of shark species with a 
widespread distribution. This also apply to sawfishes with the added difficulty that 
populations may now be extinct throughout most of the distribution range of these species 
(Martin, 2005). 
 
Population structure within the Indo-West Pacific Ocean basin 
 Indian Ocean and West Pacific populations of A. cuspidata were significantly 
structured even based solely on a 144 bp fragment. The high Φst value, compared to other 
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sawfish species, is suggestive of relatively higher level of population structuring for this 
species. Geographical distribution of haplotypes and phylogenetic analyses revealed an even 
finer geographical structure with population sub-division into three clades: Indian Ocean, 
Indonesia, and Australia-Papua New Guinea. In addition, Indian Ocean and West Pacific also 
differed significantly in the relative frequency of number of rostral teeth per side. The nature 
and causes of phenetic variation are usually unknown (Grant et al., 1999). Nevertheless, 
independent of its origin, the concordance of these two independent markers reinforces a 
hypothesis of structuring of A. cuspidata populations throughout its distribution range. 
 Differing from A. cuspidata, P. microdon did not reveal significant population 
structure between Indian Ocean and West Pacific based on the homologous 144 bp fragment. 
Also in contrast to A. cuspidata, no significant difference between these sub-regions was 
observed for relative frequency of rostral tooth counts. Significant signs of geographical 
structure were only observed after additional sequencing of mtDNA, when Indian Ocean and 
West Pacific sub-regions were significantly structured by AMOVA. The phylogeographical 
relationships obtained for P. microdon clustered the haplotypes into three clades: Indian 
Ocean, Vietnam-Papua New Guinea, and Australia. This pattern of structure in the Indo-
West Pacific is very similar to the one found for A. cuspidata. Both species have an Indian 
Ocean clade supported by parsimony and genetic distance analyses, with also some more 
structuring occurring within the West Pacific. Nevertheless, given the smaller Φst value and 
lack of difference on rostral tooth counts, it is possible that P. microdon populations are 
relatively less structured geographically in comparison to A. cuspidata. 
In a study conducted by Keeney and Heist (2006) on the global scale phylogeography 
of the blacktip shark (Carcharhinus limbatus) based on the Control Region of the mtDNA 
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(1,070 bp) Indo-West Pacific patterns of population structuring were similar to the ones 
observed for A. cuspidata and P. microdon. Population structure determined by AMOVA, 
parsimony and neighbor joining analyses suggested that C. limbatus is structured throughout 
the Indo-West Pacific primarily in Indian Ocean and West Pacific sub-populations. 
Furthermore, C. limbatus haplotypes found in Australia were unique (as in P. microdon). The 
concordance between results observed for the coastal shark C. limbatus (Keeney and Heist, 
2006) and those observed in this study is suggestive that, despite the small sizes of mtDNA 
fragments obtained, the structuring patterns showed by A. cuspidata and P. microdon results 
are real. 
Information available for ND2 of P. zijsron was restricted to the homologous 144 bp 
fragment. Despite a relative well geographical coverage of the sampling throughout the entire 
range of distribution of this species, no variability was found. Notwithstanding the limitations 
implied in comparing such a small dataset, this result may suggest a lesser degree of 
population structure for this species, in comparison to other Indo-West Pacific sawfishes. 
Nevertheless, truly allopatric populations may have identical genetics profiles (Shaklee et al., 
1982). Comparison based on larger ND2 dataset was limited in terms of geographical 
coverage. The haplotype inferred for the only South African specimen was also found in 
Australia. This could have been the result of either true gene flow between populations 
throughout the entire Indo-West Pacific or simply be a haplotype from ancestral populations, 
before structuring, still present in all populations (therefore not related to present day gene 
flow). 
The lack of geographical structure showed for P. zijsron based on ND2 data was not 
corroborated by rostral tooth count comparisons. Indian Ocean and West Pacific specimens 
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differed significantly in number of rostral teeth. According to Grant et al. (1999), the finding 
of population admixture based on phenetic methods, as morphological and meristic data, 
indicates the need to consider these as separate stocks, even when this substructuring is not 
apparent with genetic methods alone. Causes for the structure observed with morphology, as 
well as behavior, elemental composition, and parasite load, can be influenced by both 
genetics and environment. Given the limited understanding of P. zijsron life-history and also 
amount of data obtained, it is not possible to infer what forces may have been responsible for 
shaping this particular patterns for this species. 
 
Population structure within the Atlantic Ocean basin 
 West and East Atlantic populations of P. perotteti were significantly structured based 
solely on a 144 bp fragment. Additional sequencing (up to 672 bp) revealed three fixed 
substitutions between sub-regions. AMOVA analyses of this dataset containg a larger 
fragment size and fewer specimens revealed smaller, but still significant Φst value. West and 
East Atlantic clades were recovered in genetic distance analysis. However, this was not 
robust to bootstrap analyses in parsimony. These sub-regions also differed significantly by 
the relative number of rostral teeth. Populations of the blacktip shark also differed between 
West and East Atlantic (Keeney and Heist, 2006). 
 Additional indication of within West Atlantic differentiation was observed by rostral 
tooth count data comparison. Rostral tooth count data suggests that the Lake Nicaragua 
population of P. perotteti is distinct from specimens collected in north Brazil (West Atlantic 
data). Tagging research conducted in Lake Nicaragua in late 1970's revealed that P. perotteti 
moves freely between the lake and sea, including the capture of individuals in offshore 
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waters (Thorson, 1982). However, even though Lake Nicaragua’s P. perotteti may freely 
move to coastal areas, the data suggest they are separated stocks. Other anecdotal evidence 
also suggests differences between these two areas. A female recently captured in Brazilian 
waters had a considerably larger total length (7,000 mm; Almeida, 1999) in relation to the 
maximum size reported for Lake Nicaragua (4,300 mm; Thorson, 1982). 
 Molecular data available for geographical comparison of P. pectinata populations 
was very limited. Despite the good sample size of West Atlantic specimens, only two East 
Atlantic specimens were successfully sequenced. Also, the data was limited to the 
homologous 144 bp fragment. The only haplotype found in the East Atlantic specimens was 
also distributed in West Atlantic specimens. But perhaps the most compeling information 
obtained for this species was the significant difference between rostral teeth counts of 
specimens collected in West and East Atlantic. The connectivity between West and East 
Atlantic populations of both P. perotteti and P. pectinata may be restricted by the vast 
oceanic distance and depth of the Central Atlantic. 
 
Genetic diversity 
 Different hypotheses have been proposed to explain high and low genetic diversity in 
organisms, including environmental heterogeneity, size and mobility, rate of increase in 
demography, population size, among others (Planes, 2002, see references within). In terms of 
population size, low genetic diversity have historically been interpreted as an indicative of 
inbreeding in endangered populations caused by reductions in population sizes (Merola 1994, 
Taylor et al. 1994, Nusser et al. 1996). On the other hand, more recently, it has been 
proposed that mtDNA genetic diversity in animals is not influenced by population size 
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(Bazin et al., 2006). Other studies have shown the importance of historical events in the level 
of variability of present day populations (Fauvelot et al., 2003). The different possible 
mechanisms that may influence intra-population levels of genetic variability coupled with 
lack of knowledge on life history of sawfishes make it difficult to interpret results obtained in 
this study. In addition, low sample sizes may have produced anomalous results. For example, 
nucleotide diversity of Australian P. zijsron specimens was inflated since the only two 
haplotypes found differed by five loci (the following discussion will not take this specific 
result into consideration). 
Of the five sawfish species studied, at least two of them were relatively well sampled: 
P. perotteti and P. pectinata. The north Brazil population of P. perotteti exhibited the highest 
genetic variability, based on full ND2 gene (and also based on the homologous 144 bp 
fragment). High genetic diversity is associated with higher dispersal capabilities (Planes, 
2002). If the observed pattern or two or more north Brazil clades (Fig. 1 A and B) in fact 
represents discrete geographical populations in the area (possibly using it as a feeding or 
mating ground, for example), this could be causing the high variability observed. 
On the other hand, P. pectinata had the lowest genetic diversity levels. P. pectinata 
differ from P. perotteti in several aspects of life-history and habitat use. In addition, 
southeastern United States population(s) of this species has been severely depleted in the past 
decades (Simpfendorfer, 2000). Declining population may be a factor influencing genetic 
variability, due to genetic drift and inbreeding depression (Kimura, 1955, 1983; Charlesworth 
and Charlesworth, 1987; but see Hedrick and Gilpin, 1997, and Bazin et al., 2006). 
Therefore, it is possible that declining population size have influence on present day genetic 
diversity. However, in order to exclude the influence of other mechanisms in the observed 
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pattern (and confirm the importance of population bottleneck), it will be necessary to 
investigate more variable markers. 
.  
Implications for sawfish conservation 
West and East Atlantic populations of P. pectinata and P. perotteti may be units for 
conservation purposes. Within West Atlantic, population structure of P. perotteti appears to 
exist. The pattern for the Indo-West Pacific was less clear, and it is not possible to invoke a 
clear common mechanism that applies to all species. However, a sub-division of sawfish 
conservation units into Indian Ocean and West Pacific may have biological meaning as the 
patterns of nucleotide polymorphism are mirrored on differences in rostral tooth count and 
similar phylogeographical patterns was observed for other elasmobranch species (Keeney 
and Heist, 2006). 
 
Potential sources of error and confounding factors 
 One difficulty of this study is the lack of knowledge of sawfish life-history patterns. 
Interpretations of mtDNA without knowledge of life-history patterns may be misleading, for 
example, in species in which the degree of philopatry differs between sexes (Grant et al. 
1999). Female philopatry in shark species has been shown to occur in a study investigating 
both nuclear (microsatellites) and mitochondrial DNA (sequencing) (Keeney et al., 2005). In 
the referred study, mtDNA haplotype frequencies in sharks collected from different 
continental nursery areas were significantly different. Differences in microsatellite loci were 
also significant but small. This indicated that stock structure also existed for males, but the 
difference between markers is suggestive of a higher degree of male-mediated gene flow 
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(Keeney et al., 2005). The reproductive behavior of sawfishes is not known. Therefore, 
although the mtDNA data suggested substructuring of populations for some sawfish species, 
the potential male-mediated gene flow is unknown. 
 The rostral tooth count data used in this study is not independent since two 
measurements were taken from each specimen (left and right counts). Another possible 
source of bias was data collected from siblings (as many as eight). Nevertheless, this 
potential bias may have been small since samples were originated from widely separated 
localities within a sub-region. Finally, most rostral tooth count data were obtained from 
isolated saws with no information on gender. Sexual dimorphism is known to occur in 
sawfishes (Thorson, 1973). Therefore, specimens of two sub-regions may differ in rostral 
tooth counts simply due to sampling sexual bias. This would be the case if, for example; data 
from W. Pacific were collected from females, while Indian Ocean data were collected from 
males. Nevertheless, chances of obtained such skewed data set may be minimal. 
 
Final considerations 
 The usefulness of the data obtained highlights the importance of museum collections 
as guardians of a lost diversity. The sampling used in this study included populations likely 
to be currently extinct. Recovery of this information may be useful towards establishment of 
conservation strategies. Strategies that may help to provide sawfishes with a way out of what 
otherwise seems to be their current path to extinction. 
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Figure 1: Consensus tree of 100 bootstrap maximum parsimony pseudoreplicates and 
UPGMA tree from uncorrected pairwise genetic distances for ND2 gene. Inferences for 
Pristis perotteti based on 672 bp (A and B) and P. zijsron based on 1,047 bp fragment (C and 
D). 
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Figure 1(continued): Consensus tree of 100 bootstrap maximum parsimony pseudoreplicates 
and UPGMA tree from uncorrected pairwise genetic distances for ND2 gene. Inferences for 
Pristis microdon based on 665 bp (E and F) and Anoxypristis cuspidata based on 144 bp 
fragment (G and H). 
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Figure 2: Relative frequency of number of rostral teeth of west and east Atlantic specimens 
of P. pectinata (A) and P. perotteti (B), Lake Nicaragua and Brazil specimens of P. perotteti 
(C), Indian Ocean and west Pacific specimens of P. zijsron (D), P. microdon (E), and A. 
cuspidata (F), with indication of number of individuals. 
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Figure 2 (continued). 
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Table 1: Primers used in amplification and sequencing of mitochondrial ND2. 
Name Sequence 
Ilem 5’ – AAG GAC CAC TTT GAT AGA GT – 3’ 
ND2-batoids-IFA 5’ – CAC TTY TGA CTW CCA GAA GT – 3’ 
Asnm 5’ – AAC GCT TAG CTG TTA ATT AA – 3’  
ND2 IRm1 5’ – GCT TCT ACT GCT CGN GGR TG – 3’ 
NLTF1 5’ – CCA GTC TCT GCC ACA CTA G – 3’ 
NLTR1 5’ – GGC ATA GTG TAG GAT GGT G – 3’ 
NLTF2 5’ – CAC TAA AAT CAA CTC TAT TGC – 3’ 
NLTR2 5’ – CGG AGA TAG AAG AAT AAG C – 3’ 
NLTF3 5’ – GCT TAT TCT TCT ATC TCC G – 3’ 
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Table 2: Sawfish specimens successfully sequenced and used for study of geographical 
structure based on mitochondrial DNA sequences (ND2). 
Species Sub-region Locality n Source 
P. pectinata W. Atlantic Bahamas 3 Field 
  Florida, USA 55 Field, Museum 
  Mexico 1 Museum 
  Suriname 1 Museum 
  British Guyana 2 Museum 
 E. Atlantic Senegal 1 Museum 
  Congo 1 Museum 
     
P. zijsron Indian South Africa 1 Aquarium 
  Unknown Red Sea 1 Museum 
  Unknown Persian Gulf 3 Museum 
  Iraq 2 Museum 
 W. Pacific Thailand (Gulf of Siam) 1 Museum 
  Indonesia 1 Museum 
  Australia 9 Field, Museum 
  Unknown Tasman Sea 1 Museum 
     
P. microdon Indian South Africa 2 Museum 
  Tanzania 2 Museum 
  Mozambique (Zambezi River) 1 Museum 
  Madagascar 1 Museum 
  Unknown East Indian Ocean 1 Museum 
 W. Pacific Vietnam  Museum 
  Papua New Guinea (Lake Jamur) 1 Museum 
  Papua New Guinea (Lake Sentani) 2 Museum 
  Papua New Guinea (Bismarck Arch.) 1 Museum 
  Australia 5 Field, Aquarium 
     
P. perotteti W. Atlantic Suriname 1 Museum 
  North Brazil 77 Field 
 E. Atlantic Liberia 1 Museum 
  Congo 4 Museum 
  Angola 2 Museum 
  Unknown East Atlantic Ocean 3 Museum 
     
A. cuspidata N. Indian Unknown Persian Gulf 1 Museum 
  India 1 Museum 
 W. Pacific Indonesia 1 Museum 
  Papua New Guinea 3 Museum 
  Australia 7 Field 
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Table 3: Characterization of ND2 haplotypes (1,047 bp long) from a single population of 
sawfish species studied. 
Species Locality n H S h (SD) π (SD) 
A. cuspidata northern Australia 7 2 1 0.2857 (0.1964) 0.000273 (0.000373) 
P. microdon northern Australia 5 2 1 0.4000 (0.2373) 0.000382 (0.000486) 
P. perotteti northern Brazil 65 11 12 0.6538 (0.0410) 0.000874 (0.000680) 
P. pectinata southeastern USA 53 3 2 0.0747 (0.0494) 0.000072 (0.000158) 
P. zijsron northern Australia 8 2 5 0.2500 (0.1802) 0.001194 (0.000955) 
n, total number of individuals analyzed; H, number of haplotypes revealed; S, number of segregating or variable 
loci (sites) h (SD), gene diversity (standard deviation); π, nucleotide diversity. 
 
 
 
 
Table 4: Characterization of the 144 bp homologous fragment of ND2 from populations of 
the sub-regions studied. 
144 bp 665-672* bp 
Species Sub-region 
n H S h (SD) π (SD) n H S h (SD) π (SD) 
A. cuspidata N. Indian Oc. 2 1 0 0.0000 0.000000 - - - - - 
 West Pacific 11 2 1 0.1818
(0.1436)
 
0.001263
(0.001985)
- - - - - 
P. microdon Indian Ocean 7 1 0 0.0000 0.000000 7 1 0 0.0000 0.000000 
 West Pacific 10 2 1 0.4667
(0.1318)
 
0.003241
(0.003478)
12 3 2 0.6212 
(0.1176) 
0.001413 
(0.001171) 
P. perotteti West Atlantic 74 3 2 0.5202
(0.0161)
0.003705
(0.003456)
66 12 10 0.6643 
(0.0411) 
0.001223 
(0.000984) 
 East Atlantic 10 1 0 0.0000
 
0.000000
 
4 2 1 0.6667 
(0.2041) 
 
0.000992 
(0.001113) 
P. pectinata West Atlantic 59 2 1 0.0339
(0.0325)
0.000235
(0.000759)
- - - - - 
 East Atlantic 2 1 0 0.0000
 
0.000000
 
 
- - - - - 
P. zijsron Indian Ocean 7 1 0 0.0000 0.000000
 
- - - - - 
 West Pacific 12 1 0 0.0000 0.000000
 
- - - - - 
n, total number of individuals analyzed; H, number of haplotypes revealed; S, number of segregating or variable 
loci (sites) h (SD), gene diversity (standard deviation); π, nucleotide diversity. 
*665 bp: P. microdon; 672 bp: P. perotteti. 
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Table 5: Pairwise AMOVA estimations for biogeographical regions of five widespread 
sawfish species. Significant Φst values (p <0.01) indicated with an asterisk (*). 
144 bp 665-672 bp 
Species Location 
n Φst n Φst 
A. cuspidata N. Indian Ocean 2 0.84012* - - 
 West Pacific 11  -  
P. microdon Indian Ocean 7 0.16667 7 0.62496* 
 West Pacific 10  12  
P. perotteti West Atlantic 74 0.60763* 66 0.33504* 
 East Atlantic 10  4  
P. pectinata West Atlantic 59 0.00000 - - 
 East Atlantic 2  -  
P. zijsron Indian Ocean 7 0.00000 - - 
 West Pacific 12  -  
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Table 6: Frequency distribution of rostral teeth number per side per ocean basin in the 
five sawfish species studied. 
Distribution of rostral teeth number per side Species 
Ocean basin 
n Average n of 
rostral teeth            
P. pectinata   20 21 22 23 24 25 26 27 28 29 30    
                 
W.ATL 31 26.3 1 1  2 3 11 16 10 14 3 1    
E.ATL 31 23.7 2 4 3 16 14 20 1 1       
                 
                 
P. zijsron   24 25 26 27 28 29 30 31 32 33 34    
                 
IND 14 30.2    1 4 5 6 6 4 1 1    
W.PAC 18 27.0 4 7 5 7 5 2 4  2      
                 
                 
P. microdon   14 15 16 17 18 19 20 21 22 23     
                 
IND 16 19.1   1 3 5 10 8 4       
W.PAC 67 19.3 1 4 6 8 17 35 30 18 10 5     
                 
                 
P. perotteti   14 15 16 17 18 19 20 21 22 23     
                 
L.NIC 210 16.9 13 50 126 86 91 37 17        
W.ATL 98 19.0 1  4 23 46 37 56 27 1 1     
E.ATL 25 17.1 1 2 8 22 13 4         
                 
                 
A. cuspidata   17 18 19 20 21 22 23 24 25 26 27 28 29 30 
                 
N.IND 21 25.6      2 3 5 11 7 8 5 1  
W.PAC 28 21.2 4 5 4 10 12 5 4 5 3 1   1 1 
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Appendix 1: Geographic distribution and frequency of P. pectinata ND2 haplotypes with 
description of polymorphic nucleotide positions. Range of DNA sequences length (bp) per 
locality is indicated. A bold letter identifies each haplotype. DNA sequences missing data on 
segregating loci are identified by the closest known haplotype(s) followed by a question 
mark. Location of each polymorphic nucleotide position (listed across top row) is given 
relative to the first base of the first amino acid coding codon. The nucleotide at each position 
is given for haplotype C. Only nucleotides different from haplotype C are given for all other 
haplotypes. Nucleotides identical to haplotype C are indicated with periods (.). Unknown 
nucleotides are indicated by “N”. 
 
Locality Haplo n Length range (bp) 
67 
189 
W. Atlantic Bahamas C 3 1047 G A 
 Florida, USA C 48 1047 . . 
 Florida, USA D 1 1047 A . 
 Florida, USA E 1 1047 . G 
 Florida, USA C-E ? 3 1047 N . 
 Florida, USA C-E ? 2 144 -1047 . N 
 Mexico C-E ? 1 144 . N 
 Suriname C-E ? 1 144 . N 
 British Guiana C-E ? 2 144 . N 
E. Atlantic Senegal C-E ? 1 144 . N 
 Congo C-E ? 1 144 . N 
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Appendix 2: Geographic distribution and frequency of P. perotteti ND2 haplotypes with 
description of polymorphic nucleotide positions. Range of DNA sequences length (bp) per 
locality is indicated. A bold capitalized letter identifies each haplotype. DNA sequences 
missing data on segregating loci are identified by the closest known haplotype(s) followed by 
a question mark. Location of each polymorphic nucleotide position (listed across top row) is 
given relative to the first base of the first amino acid coding codon. The nucleotide at each 
position is given for haplotype H. Only nucleotides different from haplotype H are given for 
all other haplotypes. Nucleotides identical to haplotype H are indicated with periods 
(.).Unknown nucleotides are indicated by “N”. 
Ocean 
Basin / 
Locality 
Haplo n Length range (bp) 
43 
63 
157 
177 
388 
480 
488 
553 
624 
739 
813 
831 
834 
844 
964 
1003 
W. Atlantic                    
  N. Brazil H 31 1047 T C G T C A T A T A T T A A T T 
  N. Brazil α 1 1047 . . . . . . . . C . . . . . . . 
  N. Brazil H? 1 <1047 N . . . . . . . . . . . . . . N 
  N. Brazil I 1 1047 . T . . . G . . . . . . . . . . 
  N. Brazil I? 1 <1047 . T . . . G . . . N N N N N N N 
  N. Brazil J 1 1047 . . . . . . . . . . . . C T N N 
  N. Brazil K 23 1047 . T . . . . . . . . . . . . . . 
  N. Brazil K? 4 <1047 . T . . . . . . . . . . . . . N 
  N. Brazil Z 1 <1047 . T A . . . . . . N N N N N N N 
  N. Brazil H-K? 1 <1047 N N . . . . . . . . . . . . . . 
  N. Brazil H-K? 1 <1047 N N . . . . . . . . . . N N N N 
  N. Brazil L 1 1047 . T . . . . . . . C . . . . . . 
  N. Brazil M 1 1047 C . . . . . . . . . . . N . . . 
  N. Brazil N 2 1047 . . . . . . . . . . . C . . . . 
  N. Brazil O 1 1047 . . . . . . C . . . . . . . . . 
  N. Brazil P 1 1047 . . . . . . . . . . . . . . C . 
  N. Brazil Q 2 1047 . T . C . . . . . . . . . . . C 
  N. Brazil ? 1 <1047 N N N N N . . . . . . . . . . . 
  N. Brazil ? 1 <1047 . T . . . . . . . N N N N N N N 
  N. Brazil ? 1 <1047 . T . . . N N N N N N N N N N N 
  Suriname K? 1 144 . T N N . . . . N N N N N N . . 
                    
E. Atlantic                    
  Unknown F 1 672 . T N N T . . G N . C . . . . . 
  Unknown F-G? 1 >672 . T N N N N N N N . C . . . N N 
  Unknown ?? 1 144 . T N N N N N N N N N N N N N N 
  Liberia F? 1 >672 . T N N N N N N N . C . . . . . 
  Congo G 1 >672 . T N N N N N N N N N N N N C . 
  Congo F-G? 1 >672 . T N N T . . G N . C . . . N N 
  Congo F-G? 1 >672 . T N N N N N N N . N . . . N N 
  Congo ?? 1 144 . T N N N N N N N N N N N N N N 
  Angola G? 2 >672 . T N N T . . G N N N N N N C . 
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Appendix 3: Geographic distribution and frequency of P. zijsron ND2 haplotypes with 
description of polymorphic nucleotide positions. Range of DNA sequences length (bp) per 
locality is indicated. A bold letter identifies each haplotype. DNA sequences missing data on 
segregating loci are identified by the closest known haplotype(s) followed by a question 
mark. Location of each polymorphic nucleotide position (listed across top row) is given 
relative to the first base of the first amino acid coding codon. The nucleotide at each position 
is given for haplotype A. Only nucleotides different from haplotype A are given for all other 
haplotypes. Nucleotides identical to haplotype A are indicated with periods (.). Unknown 
nucleotides are indicated by “N”. 
Ocean basin Locality Haplo n Length (bp) 
444 
486 
711 
909 
960 
W. Indian South Africa A 1 1047 T T C T T 
N. Indian Red Sea A-B? 1 144 N N N N N 
 Persian Gulf A-B? 3 144 N N N N N 
 Iraq A-B? 2 144 N N N N N 
W. Pacific (Asia) Gulf of Siam, Thailand A-B? 1 144 N N N N N 
 Indonesia A-B? 1 144 N N N N N 
W. Pacific (Oceania) Australia A 1 1047 . . . . . 
 Australia B 7 1047 C C T C C 
 Australia A-B? 1 144 N N N N N 
SW. Pacific Tasman Sea, New Zealand A-B? 1 144 N N N N N 
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Appendix 4: Geographic distribution and frequency of P. microdon ND2 haplotypes with 
description of polymorphic nucleotide positions. Range of DNA sequences length (bp) per 
locality is indicated. A bold letter identifies each haplotype. DNA sequences missing data on 
segregating loci are identified by the closest known haplotype(s) followed by a question 
mark. Location of each polymorphic nucleotide position (listed across top row) is given 
relative to the first base of the first amino acid coding codon. The nucleotide at each 
polymorphic position is given for haplotype R. Only nucleotides different from haplotype R 
are given for all other haplotypes. Nucleotides identical to haplotype R are indicated with 
periods (.).Unknown nucleotides are indicated by “N”. 
Ocean basin Locality Haplo n Length (bp) 
31 
929 
1018 
W. Indian Tanzania R 1 665 C C G 
 Zambezi River, Mozambique R? 1 > 665 . N . 
 Madagascar R? 1 > 665 . N . 
 South Africa R-S ? 2 144 . N N 
 Tanzania R-S ? 1 144 . N N 
E. Indian Unknown East Indian Ocean R-S ? 1 144 . N N 
W. Pacific (Asia) Vietnam S? 1 > 665 . N A 
W. Pacific (Oceania) Lake Jamur, Papua New Guinea S 1 665 . . A 
 Lake Sentani, Papua New Guinea S? 2 > 665 . N A 
 Lake Sentani, Papua New Guinea R-S ? 2 144 . N N 
 Bismarck Arch, Papua New Guinea  R-S ? 1 144 . N N 
 North Australia T 1 1047 A T A 
 North Australia U 2 1047 A . A 
 North Australia T? 2 < 1047 N T N 
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Appendix 5: Geographic distribution and frequency of A. cuspidata ND2 haplotypes with 
description of polymorphic nucleotide positions. Length (bp) of DNA sequences per locality 
is indicated. A bold letter identifies each haplotype. DNA sequences missing data on 
segregating loci are identified by the closest known haplotype(s) followed by a question 
mark. Location of each polymorphic nucleotide position (listed across top row) is given 
relative to the first base of the first amino acid coding codon. The nucleotide at each position 
is given for haplotype Y. Only nucleotides different from haplotype Y are given for all other 
haplotypes. Nucleotides identical to haplotype Y are indicated with periods (.).Unknown 
nucleotides are indicated by “N”. 
Ocean basin Locality Haplo n Length (bp)
63 
90 
633 
W. Pacific Northern Australia Y 1 1047 C A G 
 Northern Australia X 6 1047 . . A 
 Papua New Guinea X-Y? 3 144 . . N 
 Indonesia W 1 144 T . N 
N. Indian Ocean India V 1 144 . G N 
 Persian Gulf V 1 144 . G N 
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CHAPTER 5. GENERAL CONCLUSIONS 
 
Based on external morphological characters, genetics, and biogeographical inference, 
the family Pristidae consists of seven living species distributed in two genera, Anoxypristis 
and Pristis. Four species are distributed in the Indo-West Pacific, two in the Atlantic, and one 
in the East pacific. 
A through chronological revision of the historic taxonomy revealed that Pristis pristis 
(Linnaeus, 1758) cannot be assigned to a single species. P. pristis has historically been 
associated with features from several different species and as such is a chimaeric taxon that 
does not exist in nature. The commonly asserted association between this nominal species 
and the largetooth sawfishes is the product of taxonomic misinterpretation. A formal 
proposal to have P. pristis suppressed or declared invalid by action of the International 
Commission of Zoological Nomenclature is currently in preparation for submission. 
The three species composing the smalltooth group are distinct morphologically as 
juveniles. However, changes in the external morphology with growth make it difficult to 
differentiate adult forms of these species. P. pectinata, once thought to be circumglobally 
distributed is restricted to Atlantic waters. Conversely, P. clavata, once believed to be 
restricted to Australia, is likely more widespread in the Indo-West Pacific. Misidentification 
of P. clavata as P. pectinata may account for historical accounts of P. pectinata in this 
region. P. zijsron, a Indo-West Pacific species, is also present in the Red Sea. 
The largetooth species are extremely similar morphologically as juveniles and likely 
as adults too. However, molecular evidence suggests there are three valid species in this 
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group. Each species is restricted within a major Ocean basin: P. microdon in the Indo-West 
Pacific; P. perotteti in the Atlantic; and P. zephyreus in the Eastern Pacific.  
The knifetooth sawfish Anoxypristis cuspidata is considered a single species. This 
species exhibited marked geographic structure of populations. 
The prevailing hypothesis of relationships of major sawfish groups is consistent with 
the three morphological groups: Anoxypristis as knifetooth sawfish and Pristis as smalltooth 
and largetooth. Anoxypristis is sister to Pristis. Within the smalltooth clade P. clavata is 
basal to sister species P. zijsron and P. pectinata. Inference on the relationships within the 
largetooth clade was limited due to the small amount of sequence available from P. 
zephyreus (obtained from solely museum sample). Despite this, the topology obtained was 
robust indicating the basal position of P. zephyreus in relation to sister taxa P. microdon-
perotteti. Speciation events postulated by the phylogenetic tree were congruent with the area 
cladogram, suggesting that current sawfish distribution is the product of historical association 
between sawfishes and the areas in which they occur. Possible influence of major geological 
events hypothesized to have promoted allopatric speciation in other tropical marine groups 
are likely to also have influenced diversification in the sawfishes. 
West and East Atlantic populations of P. pectinata and P. perotteti may require 
separate conservation efforts due to some level of isolation of these populations likely due to 
the vast distances and depth of the Atlantic Ocean. The pattern for the Indo-West Pacific was 
less clear, and a single mechanism of isolation applicable to all species was not determined. 
Nevertheless, a sub-division of sawfish populations into Indian and West Pacific 
conservation units may be biologically meaningful because the patterns of nucleotide 
polymorphism are also reflected in rostral tooth count differences. 
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The phylogenetic analyses and assessments of population structure presented in this 
work hinge on the reliability of the taxonomy. Considerable effort was expended to create a 
reliable and natural taxonomy for this group. In doing so it was discovered that the type 
species for the genus Pristis was an abstraction blending traits from different species created 
by a series of unfortunate taxonomic errors. The importance of a good taxonomy is often 
stated, but perhaps under appreciated. This study is emblematic of the importance of 
taxonomy, for had we based our phylogenetic inferences and population structure 
assessments on previous ideas of the taxonomy, the inferences would have been very 
different. This study highlights the importance of taxonomy as a fundamental step before 
proper assessment of any species can be done. 
 
Future research 
 Examination of adult specimens are needed in order to provide a better understanding 
of the nature of ontogenetic changes in characters so far considered key for the identification 
of sawfishes. In particular, rostral teeth spacing, relative position of first dorsal and pelvic fin 
origins and shape of caudal fin need to be scrutinized across ontogenetic trajectories. 
 The preliminary data collected on the geographical structure of populations is not 
conclusive, but suggests there is structure of populations throughout their range. Despite the 
difficulties in obtaining genetic data from museum specimens, this seems to be fertile venue 
for future research. This is based on the fact that even a small number of characters were able 
to show structure for some species. Also, specimens available provide a fairly well 
geographic coverage of the distribution range of each species.  
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